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PBEFAOE 


^The object of this book is twofold. Firsi.Iy, it is intended to 
supply chemical lecturexa and teachers with a useful repertoire 
of experimentSj suitable for illustrating u^^on the lecture table 
the modes of preparatiouj and the properties, of the non-metallio 
elements and their commoner and more important compounds. 
I have therefore given such full directions for the preparation 
and performance of the various esperimenta described, as will 
enable any experimenter to successfully repeat them. No mere 
description of experiments, however minute, can entirely take 
the place of experience, but it has been my endeavour through- 
ont this book to give such details, resulting from my own 
experience, as shall meet as far as possible the lack of experience 
in others. 

No account of any experiment has been introduced into the 
book upon the authority solely of any verbal or printed descrip- 
tion, but every experiment has been the subject of my personal 
investigation, and illustrated in every case, witb the exception 
of three, ^ by woodcuts made from original drawings. 

What should be and what should not be included under the 
head of ‘ experiments suitable for illustration upon the lecture 
table’ may be a matter for difiference of opinion, and must 
depend often upon circumstances. I have excluded for the 
most part all such experiments as are merely illustrative of the 
ordinary laboratory processes of qualitative analysis ; also all 
experiments illustrating the action oj^ substances upon animal 

* Figs. 1 and 24, ‘Inorganic Chemistry,’ Frankland and Japp; iig. 208, 
‘Ganot*s Physios;’ 
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Kfej and, lastly, Bucli as are of either so critical or dangerous a 
nature as to involve the ado 2 )tion of any special o^elaboratr 
precautions. ^ 

Throughout the hook the French metrical system harteen 
adopted, but as the English mind, even of scientific men, often 
continues to conceive of measures of length in inches, long after 
it has acquired the habit of thinking in grams and cubic centi- 
metres, I have added, when deemed deshahle, the English equi- 
valent of the French measures of length. It will be convenient^ 
to remember that for all practical purposes 25 millimetres, or 2*5 
centimetres, are equal to one inch. 

For the convenience of such teachers as may not have ready 
access to books of reference, I have added, in the form of an 
appendix, a number of important and useful tables. 

Secondly, it is my object to fuimish the chemical student 
with a book which shall serve as a companion to the lectures he 
may attend — a book in which he will find fully described most, 
if not all, of the experiments he is likely to see performed upon 
the lecture table, and which will therefore relieve him from the 
necessity of laboriously noting them and often sketching the 
apparatus used. In this way the student will be spared much 
unnecessary and distracting work during the lecburej and will 
therefore be better able to give his undivided attention to the 
explanations or arguments of the lecturer. 

Further, to meet the wants of the chemical student, I have 
given the equations representing the various reactions which 
are described in the book ; and, although this work is not 
designed to take the place of any existing text-book, it has 
been so arranged that the student may learn from it the 
methods of preparation and most of the important properties 
of the non-metallic elements and their more common com- 
pounds. 

a. S, N. 

Royal Oollbub op Soibn^, South Kensington, W . ; 

Se2)temb&r 1892. 
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HYDROGEN 

MODES OF PREPARATION 

1. By the action of sodium or potassium upon water. 
Na + HgO^NaHO + H, A fragment of aoclLurn or potasaiuui, 
about the size of a pea, is thrown upon cold water contained in 
a soup plate. The plate should be instantly covered by a glass 
belhjar when potassium is employedj as the molten globule of 
potassium hydroxide which remaius floating, in a spheroidal , 
state, upon the water for a few seconds, will, as it cools, be 
scattered with some violence out of the plate. 

If a fragment of soclium, instead of being thrown upon water, 
be placed upon a piece of wet filter paper in a plate, the heat of 
the reaction will rise sufficiently high to inflame the hydrogen, 
and in this case it must also be covered with a bell-jar. 

2, To collect hydrogen from the action of sodium upon water, ’ 
the following is the best method, and the only one which is free 
from danger. A piece of ordinary lead or composition pipe, 
about 25 millimetres long and about 4 millimetres bore, has one 
end closed by squeezing in a vice, or by a few taps with a 
hammer. A pellet of sodium is rolled between the fingers and 
pushed into this tube. It may be well# forced in by pressing the 
mouth of the tube down upon the table, the excess of the metal 
being afterwards trimmed off with a knife. This tube with its 
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contents is tlien dropped into the pneumatic trough, in which it 
will sink, and hydrogen will be evolved in a steady ar^ gentle 
stream. The mouth of an inverted glass cylinder carL |>0 brought 

over the stream: of 
uprising bubbles, and 
the gas so collected. 
If the little tubes are 
filled as described, it 
is impossible for any 
explosion to take 
place in the perform- 
ance of this experi- 
ment The filled tubes 
may be preserved in 
naphtha. 

3. By the action 
of zinc-copper couple 
onwater, Zn -h HgO 
Zn.O'^H 2 . About 30 
grams of zinc-dust is 
placed in a small flask 
of about 150 c.c. capa- 
city, and the flask filled up with a solution of copper sulphate 
(coutainlng 40 grams of the salt to tlie litre). The contents of 
the flask are then Ijriskly shaken together, the coppered zinc is 
allowed to settle and the water poui-ed ofl*. The flask is then 
filled to the neck with distilled water, and a eork carrying a 
delivery tube is inserted ; on heating the contents of the flask a 
slow stream of hydrogen is evolved. Zinc filings may be sub- 
stituted for zmc— dust j but m tins case the action will be slower. 

ij 4, By the action of magnesium on steam. Mg-hH^O 
:?= MgO -f Hg, A strip of inaguesium ribbon about 1 2 centirnetreB 
long is folclGtl up aud pIfvoGd iu u Imlb, which is blovVu in the 
middle of a piece of combustion t.ube about 24 centimetres long. 
Each end of -the tube is fitted with a cork carrying a short piece 




HYDROGEN 


3 


of narrow tube. A current of steam is passed’througli the tube * 
whicb sl^ld be held in a clamp and inclined slightly down- 
wards to\^rds the incoming steam (fig. 2), and it is well to pass 
the ‘iteam* through a 
small empty flask im- 
mediately before it 
enters the bulb -tube. 

While the steam is 
passings the bulb-tube 
should be warmed 
throughout its whole 
length by means of a 
Bunsen flame, until it 
is hot enough to pre- 
vent condensation of 
the steam, and then 
the lamp directed entirely upon the fragment oP magnesium 
within the bulb. As the metal approaches to a red heat it will 
burst into flainp, and if the supply of steam be regulated the 
hydrogen can be ignited as it issues from the extremity of the 
tube. The supply of steam may be easily regulated by partially 
withdrawing the lamp from the vessel in wliicli the steam is 
being generated. 

Instead of fitting corks to the bulb-tube, a most convenient 
plan is to use pieces of glass tube, so drawn out as to taper at 

Fig. 3. 



each end, A piece of caoutchouc slipped over such a tube will- 
enable it to fit into tubes of various bores. 

These ‘ connectors * are so useful for a variety of purposes 
that it will be found convenient to have a number of them, 
vai 7 ing in size, ready for use. 

A simple form of boiler for supplying steam for lecture 
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ertperiments may be readily made in the following way. An 
ordinary half-gallon tin can is fitted with a cork cary?ing twor. 
glass tubes ; one bent at right angles to convey the iMam from 
the boiler ; "the other and Avider tube being straight, and^-pro- 
jecting a short distance above the cork. This wider tube is to 
carry the ' safety valve/ which consists of a bulb-tube of glass, 
loaded with mercury, until iis weight is about 80 to 35 grams 
(A, Pig. 2). Oliis is ground to fit the tube in which it sits, by 
applying a little fine emery moistened with turpentine and 
revolving the bulb-tube for a few turns in its place. 

Tile fact that steam is capable of supporting the combustion 
of magnesium may be demonstrated by lowering into a large 
flask, in which a small quantity of water is being rapidly boiled, 

'a piece of burning magnesium, attached to a wire. The magne- 
sium continues to burn, but the fact that hydrogen is evolved 
cannot be simultaneously shown. 

6. Magnesium is capable of decomposing water readily at 
the ordinary temperature , if the metal be previously dissolved 
in mercury. Magnesium amalgam is easily prepared by heating 
in a test tube a quantity of mercury along with fragments of 
freshly-scraped magnesium ribbon, when, at a temperature some- 
what below the boiling-point of mercury, the two metals will 
unite with moderate energy. 

The amalgam may then be placed in a small fl.ask, fitted 
with a cork carrying a thistle funnel and delivery tube. On 
introducing water, a rapid evolution of hydrogen takes place, 
and the gas may be collected at the pneumatic trough. 

/ 6. By the action of red-hot iron upon stoam, 3Fe + 4H20 

= ^ 630 ^ + 4112 . Steam from a boiler is passed through an iron 
pipe filled with iron nails, heated to bright redness in either a 
coke furnace or an Erlenmeyer s gas combustion furnace. 

7. This experiment may be performed on a smaller scale by 
employing a platinum tube about 1 6 or 18 centimetres long, filled 
with small ‘ brads/ and heated by two Bunsens side by side, or 
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better by a flat-flame Bnnseii, The ends of the tube may Ifo 
^stopped ^th glass connectors, which can be fitted in by means 
of asbestosipaper. A thin flake can be peeled fro;n a strip of 
asbeslos millboard and wound round the conjiector, in lieu of 
the caon tell one, and in this way a tight joint will be made 
which will not snfier fi'om the heat. A platinum tube is easily 
made by rolling a piece of foil round aii iron, I'od of suitable 
size, e.g. the stem of a retort stand, and fastening it temporarily 
with two or three pieces of wire. The overlapping edges of 
the foil may be welded together by projecting a blowpipe flame 
upon them, and gently tapping the metal with a hammer. By 
carefully heating and hammering all along the seam a perfectly 
gas-tight tube can be made in a few minutes. The ends may be ^ 
strengthened by welding a double thickness of foil round them. 

It is possible to show the decomposition of steam by means 
of red-hot iron by substituting a glass tube for the platinum, the 
glass tube being encased in copper gauze, but the uncertainty 
of the experiment owing to the risk of the tube becoming 
cracked makes it unsuitable for lecture illustration. 

8. By the action of sulphuric acid upon zinc. Zu + HgSO^ . 
= ZuS0^4'H2. a quantity of granulated zinc is placed in a 
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two-necked Woulfs bottle, and covered with water. The 
Woulfs bottle is fitted with two corksf one caiuying a thistle 
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tube which reaches nearly to the bottom of the bottle, the 
other carryiijg a tube bent at right angles, which h^ts turn i€ 
connected by means of a piece of caoutchouc tube Ip a delivery 
tube : on pouring a little strong acid in through the thistle tube 
the gas is disengaged. 

The evolution of hydrogen will be rendered more prompt 
and moi’e rapid by adding a few drops of a solution of copper 
sulphate to the contents of the bottle before introducing the 
sulphuric acid. 

Hydrochloric acid may be substituted for sulphuric acid, 
and in either case iron can be employed instead of zinc. The 
use of iron, how^ever, results in a more impure sample of hydi’ogeii, 
and the method is not so well adapted for lecture purposes. 

9. By the action of sodium hydroxide upon zinc. 
Zn + 2NaHO ^ZuNa^O^ + H^. Zinc filings are boiled with a 
strong solution of caustic soda in a small flask fitted with a 
delivery tube : a slow stream of hydrogen will be evolved. 
Muminium filings or turnings may be substituted for zinc. 

The best form of pneumatic trough for the lecture table is 

that shown in figure 6. It 
consists of three parts — A, the 
trough proper, B an overflow 
vessel, and 0 the bridge or 
shelf. The trough is provided 
with an overflow pipe P, which 
conveys any excess of water 
into the vessel B, placed un- 
p derneath the overhanging por-* 
tion of the trough ; this vessel 
is also furnished with a stop- 
cock, so that its contents may 
be led away to a sink. All 
the parts should be made of 
Btout iihned iron and japanned ; for the sake of appearance the 
inside should be white. In practice two sizes will be found 


Fig. g. 
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conyenient. For the larger, length = 14 in. (35'5 c.m,) ; wiMi 
• =9i in^^4 c.m.); depfch=6 in. (15 c.m.). From 5 to 1 = 24 in. 
(6*5 c.m^ from 1 to 2 = 1 in. (2*5 c.m.); from 2 to 3 = 5^ in. 
(14 t.m.) ; from 3 to 4= 3 in. (8 c.m.). Bridge 44 im (11-5 c.m.) 
wide. For the smaller size, l6ngth=10 in. (2^*5 c.m.); width 
= 6 in. '(15 c.m.) ; deptli = 34 in. (9 c.m.). From 1 to 2=4 in. 
(1*25 c.m.) ; from 2 to 3 = 4 in. (10 cm.) ; from 3 to 4 =14 
(3’75 c.m.) ; from 5 to 1 = 1^ in. (3 c.m.). 

These troughs can be made by any tinsmith. They should 
not be used for collecting sulphuretted hydrogen, as this gas 
will discolour the inside. Water should not be left standing in 
them when they are not in use, and if they are drained dry 
each time after use they may be preserved in good condition for 
many years. 

10. To show the inflammability of hydrogen. The gas may 
be ignited as it issues from a jet. An iron ‘fish-tail* burner, 
which may be screwed into a piece of lead or ^ compo'* pipe, is 
well adapted for this, as the flame of the binning gas will not 
become coloured by foreign substances. If the gas issuing from 
a generating bottle is used, care must be taken to ascertain, 
that no air is left in the apparatus when the light is applied to 
the jet; it is preferable to employ hydrogen previously collected in 
a gas-holder, or contained in a steel gas bottle under pressure. 

A lighted taper may be applied to a mouth of a cylinder of 
hydrogen from which the cover has been withdravm. 

11. To show the lightness of hydrogen. Hydrogen may be 
poured upwards from one cylinder to another. On introducing 
a lighted taper into the upper cylinder it can be demonstrated 
that hydrogen has entered it, and by plunging the taper into 
the cylinder which previously contained the gas it will be seeii 
to have become entirely free from it. 

12. Two cylinders of hydrogen, Q?ie held mouth up and the 
other mouth down, may have their covers removed, and a lighted 
taper applied. In the first case the ^p-rushing hydrogen is 
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^•^pidly all burnt, while in the second the combustion is slowly 
continuous at the month of tlie vessel. On thrusting^e taper 'f' 
up into the gas, the flame of the taper will be extingnshed, but 
it Inay be re-ignited as it is once more withd'i'awn 
Fio. 7. througli'^the flame of the burning hydrogen. 

For tliis experiment a ta.per which is attached to 
a wii’e should be used, as the heat of the hydrogen 
flame will soften the wax of an ordinary taper so that 
it will lose all rigidity. A short piece of thick taper 
is fastened into a helix at the end of a copper wire, by 
slightly warming the latter. 

13 . Hydrogen may be poured upward from a cylin- 
der into a beaker suspended mouth downward from the 
arm of a balance, and counterpoised. The hydrogen as 
it ascends into the beaker will cause that end of the 
beam to rise. 

A balance suitable for this and a number of other 
lecture experiments may be readily constructed in the 
laboratory : — 

(] ) The learn. Four square rods of wood, A, B, 0, H, about 
50 centimetres long and 1 centimetre thick, are arranged in the 
form of an elongated parallelogram, the short diameter of which 
is about 13 centimetres. The rods are fixed in this position by 
glueing and nailing thin pieces of wood, E, about 6 centimetres 
wide, across til e short diameter, and small pieces at the two acute 
angles. As the two thin pieces at the centre would not be able 
to firmly carry the ‘ knife-edge,’ a block of wood should be glued 
between them. The ^knife-edge’ may be made by grinding 
one of the edges of a ^ three-corner ’ file upon a grindstone ; a 
piece of the file about 6 centimetres long will be required. A 
hole is bored in the centre of the beam, and the file fii*mly 
hammered into its place. Through each end of the beam is 
forced a short piece of a sheel knitting-needle or a French nail, 
upon which to hang the hooks intended to carry the pans. The 
exact position of these two wires should be such that they are 
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equidistant from tlie centre of the beam, and that a threoffl 
r'Stretche(?sJroin one to the other will just touch the knife-edge. 
To secure"^hat tlie centre of gravity is below the knife-edge, a 

r> 
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small strip of lead may be attached to the middle of the lower 
edge of the beam. If desired the beam may be strengthened by 
fixing cross-pieces of wood at F, F. 

(2) The dand. Two pieces of wood about 60 centimetres 
long, 5 centimetres wide, and 6 millimetres thick, are placed 
parallel to each other at such a distance apart that the beam 
can freely move between them. They are fixed in this position 
by being screwed to two' blocks of wood, one at one end, the 
other at some distance from the opposite end. The whole is 
then fastened to a foot, which may either be sufficiently large 
and heavy to give stability to the st^nd, or, better still, bored 
with a couple of holes so that it can be screwed to the table. 
Along the top ends of the two uprights, pieces of glass tube are 
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Tiemented ; upon these the knife-edge will rest, and move with 
very slight iiiction. 

(3) The pirns. These may be made of 
sand baths, into which three holes may be punched at*equal 
distances round the edge; they may be supported by thin 
copper wires of such a length that the pans will ultimately 
hang at about ,15 centimetres from the table. 

A cardboard scale may be attached to the stand near the foot, 
and a long straw pointer (made by slipping one straw into another) ^ 
attached by means of a cork to one end of the file in the beam. 

A balance so made, although rongli-looking, will be a fairly 
delicate instrument, and will readily show the one-hundredth of 
a gram. 

14, Soap bubbles may be blown with hydrogen. Hydrogen 
direct from a generating vessel may be employed, provided tbe 
gas is passed through a tube about ten centimetres long, 
plugged with cotton wool. A thistle funnel is a convenient 
apparatus upon which to blow the bubbles. Therfunuel is dipped 
into tlie soap solution, and almost as soon as the bubble begins 
• to form it should be directed upwards. As the bubble increases 
in size it wiU pull itself off the tube, and as this point is reached, 
a slight movement of the tube will easily disengage the bubble, 
which then rapidly ascends. 

Much larger bubbles and a more beautiful effect are produced 
by first blowing a soap bubble in the ordinary way, from the 
lungs, and by means of a T tube, allowing just enough hydro- 
gen to pass in to enable the bubble to rise slowly through the 
air when freed from the tube. 

Of the many formute for preparing soap solutions, the 
'following will be found to give excellent results. 

Ten grams of sodium oleate and 400 c.c. distilled water 
are placed in a stoppered bottle, and allowed to stand until the 
oleate has dissolved, witljout warming: 100 c.c. of pure glyce- 
rine are then added, and the mixture after being well shaken 
is allowed to sfand, jn the dark, for a few days. The clear 


/ 
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solution is then carefully clecanted, or siphoneclj into a cleSn 
stopperSi bottle, and one drop of strong ammonia solution 
added. kept in the dark, and not exposed to ^the air, this 
solufion may be preserved for years. , 

^ 15. Balloons may be filled with hydi^ogen. Balloons made 
of either gold-beater’s skin or of collodion may be used. In 
either case, a short piece of glass tube with smoothed edges is 
inserted into the neck of the balloon, and a stream of hydrogen 
from a reservoir gently driven in. As soon as the balloon is 
full it may be slipped off the glass tube, and the neck secured 
by twisting between the thumb and fingers. If a collodion 
balloon bo used, it and the contained gas may be set fire to as it 
ascends through the air. To effect this, the neck of the balloon 
is tied with a piece of touch-cotton (made by dipping white 
darning cotton into a solution of potassium nitrate, and drying 
it) and the end of the cotton ignited by applying to it a piece 
of burning touch-cotton. A Hame, as of a burning taper, must 
not be used, as: it would at once inflame the balloon. To secure 
that the touch-cotton shall ignite the balloon, a small of 
gun-cotton may be attached to the thread just where it secures" 
the neck of the balloon; the burning touch-cotton will never 
fail to fire this, and consequently the balloon. 

Collodion balloons may be mcade in the following way : a 
pear-shaped round-bottomed flask is selected, and carefully 
cleaned and dried. The reason for employing a flask of this 
shape is to facilitate the withdrawal of the balloon, which 
would be an extremely difficult operation if the fl‘ask had 
sharp shoulders. A quantity of collodion (what is known as 
‘ enamelling ’ collodion answers best) is poured into the flask, 
and the whole of the inside surface wetted with it by twisting 
the flask about, the exccoS being poured back into the bottle. 
The flask is then held in a support mth its mouth downward, 
so that the last portions of the liquid can drain out and the 
film gradually set. A current of air may be gently blown into 
the flask by means of the blowpipe^ bellows to hurry the 
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e'Vaporation of the ether and alcohol. In this Avay a very thin 
film of collodion is obtained adhering to the inside of^e flask, ^ 
and it is quite possible, although somewhat difficultjFfco remove 
it without tearing it. The film may be greatly strengtlilined, 
however, by the following plan. After the collodion has 
partially dried, but before that adhering to the lip of the flask 
has begun to harden and part from the glass, a quantity of a 
dilute solution of indiarubber in benzol is poured in, and run 
all over the inside of the flask, care being taken that the whole ^ 
surface is wetted with it. The excess is run out, and the flask 
again held up to drain, and a pretty rapid stream of air blown 
into it. The flask may be gently warmed while this drying 
process is carried on, (This indiarubber solution is made by 
placing a few scraps of indiarubber in a bottle, covering them 
with benzol and allowing it to remain for a few days. A 
quantity of the clear solution is then poured off and diluted 
with about ten times its volume of benzol.) It is absolutely 
necessary to the final removal of the balloon from the flask that 
none of this solution gets between the collodio?a film and the 
glass • hence care must be taken to avoid peeling the thick 
edges of collodion from the mouth of tlie flask. 

Having now varnished, as it were, the film within the flask, 
another layer of collodion can be put in, in precisely the same 
way as the first; in this way a film is obtained consisting of 
two layers of collodion, cemented together by the varnish of 
rubber ; this film is exceedingly tough and strong. The flask 
should be put aside for the film to dry spontaneously. In a few 
hours the film will be seen to have parted from the glass, owing 
to shrinking on drying. To remove the balloon it is only 
necessaiy to insert a glass tube with well-rounded edges, 
father the neck together with the fingers, and suck out the air 
from the inside ; this causes the balloon to collapse, and the 
sloping shoulders of the flask allow of its easy withdrawal. 

If the second coating# of collodion be made with collodion 
which is coloured— e.y. by adding to it a small quantity of an 
alcoholic solution of so];)iie aniline colour, as magenta — ^not only 
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is a coloured balloon obtained, bat it mates it easy to see th»t’ 
oote secoi^d coat of collodion covers the entire surface, wlien it is 
being pou^d round tte inside of tlie flast. 

Sometimesj owing to some slight roughness upon the inside 
surface of the flask, it is impossible to remove the balloon with- 
out tearing it ; in this case another flask must be taken, and 
when one has been found which answers the purpose^ it should be 
reserved for this use alone, being carefully corked up before 
being put away. 

16. The lightness of hydrogen may be demonstrated by the 
shadow which a stream of the gas will cast upon a white surface, 
which is illuminated by a strong light. The light from an 
electric lamp is caused to fall upon a screen, without the use of ' 
any lenses; a large glass vessel filled with hydrogen is held at a 
few feet from the screen, so as to cash a shadow, with its mouth 
downward. On removing the cover and pouring the gas up out 
of the vessel, a shadow of 
the uprising stream of hy- 
drogen will be seen owing to 
the difference in the refrac- 
tive power of hydrogen and 
air. Instead of pouring the 
gas out of a vessel, a stream 
of it from a reservoir may 
be made to issue from a 
wide glass tube — a retort 
adaptor answers very well. 

The mouth of the tube 
should be direct ed as shown 
in Fig. 9, in order to give the hydrogen an initial downward, 
motion, and by the shadow it will be seen to curl up. To 
prevent the scattering of light from the edges of the glass 
tube, the end of it may be conveniently covered by slipping 
over it a short piece of wide indiarubber tube, or eucasiug it 
in black paper. 
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V 17. To Bhow that a mixture of hydrogen with air will 
explode on ignition. A soda-water bottle (a p0ar-sb.a]3^.d bottle^ 
should be used, as being stronger than those witl^'^angles) is 
lilted with a cork, through which passes a short piece o£ clay 
tobacco-pipe stern, projecting about a centimetre beyond the 
cork. A small quantity of granulated zinc is placed in the 
bottle and just covered with water, and a few drops of strong 
sulphuric acid added ; the cork is than instantly replaced, and a 
lighted taper held to the end of the piece of tobacco pipe. In 
a few seconds the mixture of air and hydi^ogen will explode, 
driving the cork with souie violence from the mouth of the 
bottle. Care should be taken to hold the bottle in ‘snoh a 
position that the cork will be shot where it can do no damage. 

' ^ '' 18, A tubulated bell-jar is fitted with a cork carrying a short 
straight piece of glass tube, which is closed by a small caoutchouc 
stopper. The bell-jar is stood in a shallow dish (a soup plate) 
of water, and filled with hydrogen by dis- 
placement; a stream of the gas being 
admitted through the tube at the top, 
and the displaced air being allowed to 
bubble out tlirough the water in the plate. 
When the jar is full, the glass tube is 
closed by means of the caoutchouc stopper. 
On raising the bell-jar, and removing the 
small stopper from the glass tube, and 
applying a light to the orifice, the hydro- 
gen will burn quietly as it issuer from the 
tube (fig. 10). The air which enters the 
bell -jar from below, as the hydrogen is 
making its escape from the top, will soon 
fbim an explosive mixture, and in a few moments the flame will 
strike back into the bell-jar with a detonation. This experiment 
illustrates at one and the same time the lightness of hydrogen, 
its infiamraability, and therexplosibility of its mixture with air.' 

19. To show that a mixture of hydrogen and oxygen will 
explode on ignition. soda-water bottle is tilled with a 
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mixture of two volumes of laydrogeu and one volume of oxygen^ 
tfouglily i3jeasai*ed. On applying a lighted taper to the mouth 
of the bol^e, a loud explosion will result. Although it is 
extremely r^e fpr one of these bottles to break with the force 
of the explosion, it is advisable to envelop it in a towel before 
igniting the gases. 

20. A collodion balloon may be filled with a mixture of 
hydrogen and oxygen, secured with touch-cotton (as described 
# in No. 15), and allowed to ascend ; when the burning touch - 
cotton ignites the balloon, the gaseous mixture will explode. 
Rather an excess of hydrogen should be present in the mixture, 
both to secure the ascent of the balloon and to make up for the 
greater rapidity with which this gas escapes by diffusion than 
the oxygen. 

2L A froth of soap-bubbles may be blown by sending a 
stream of the mixed gases through some soap solution contained 
in a mortar. On applying a flame to the froth a loud explosion 
ensues. Care must be taken to remove the tube which delivers 
the mixed gases into the soap solution before igniting the mixture. 

A small quantity of the soap solution may be poured into 
the hollow of the hand, and a froth blown upon it in the same 
way. On applying a lighted taper the gas in the bubbles ex- 
plodes with a sharp report, but the explosion is quite unfelt by 
the liand. 

y/ 22. To show a singing flame. A flame of hydrogen is buimt 
Trom a flue metal jet (the jet from an ordinary mouth blowpipe 
attached to a straight tube), and glass tubes of various lengths 
are lowered over the flame ; when the right relation between the 
size of the flame and the drauglit up the tube is established the 
flame begins to sing. 

23. To show the condition of the flame while singing. Hy- 
drogen whicli is charged with snfficj.ent naphtlia to make it 
burn with a luminous flame is made to give a singing flame. 
An image of the flame is projected by means of a lens, upon 
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41 piece of looking-glass, and reflected tkence upon a screen* 

If, wHle the flame is quiet (which may be effected by >climinishJ* 
ing the draught up the tube, by placing a small piey of card or 
mica across the top), the mirror be moved bo as to cause the 
image of ihe flafne to oscillate, a continuous streak of light will 
be seen ; on again allow ing the flame to sing and continuing the 
motion of the mirror, the streak wall appear broken up into a 
number of flashes, or a succession of images of the flame, the 
musical note being produced by the rapid succession of small ^ 
explosions, caused by the tendency of the draught up the tube 
to lift the hydrogen flame away from the jet. 

Hydrogen may be naphthalised by being passed through a 
small Woulf’s bottle, containing cotton wool or tow, moistened 
* with naphtha. 

24* To show the product of the combustion of hydrogen in 
air, A clean and dry glass bell-jar, held for a few moments 
over a burning jet of hydrogen, will be 
instantly bedewed witji moisture. A 
considerable quantity of water may be 
collected by burning the hydrogen be- 
neath the end of a wide glass tube, 
bent at right angles, and with its other 
end fitted into the tubulure of a re- 
ceiver or a retort. The draught up the 
tube may be diminished by partially 
closing the upper and open end of the 
apparatus, either by means of a strip 
of mica, or by inserting a funnel ; if 
the draught is too rapid, the receiver 
will get warm and the water vapour 
resulting from the combustion will be 
carried away. When sufficient water 
collected, it may be poured out into 
a test glass, and tested by dropping into it a small fragment 
of potassium. 


Fig. 11. 
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26. To show the comhination of hydi’ogen with oxygen by^ 
gleans of spongy platinum. A little bundle of asbestos, attached 
to the end a copper wire, is dipped in a solution of platinum 
chloride, aim heated in a Bunsen flame. If this platinised 
asbestos be held in a stream of hydrogen gas, it becomes red hot, 
and will ignite the hydrogen. 

26. To show the colour of incandescent hydrogen. When 
electric sparks from a Ruhmkorf coil are passed through hy- 
^drogen in a tube, the light emitted is of a feeble blue colour, but 
if the sparks are intensified by means of a Leyden jar, or other 
condenser, the colour of the glowing hydrogen will be seen to be 
a brilliant rosy red. If the gas is under reduced pressure, the 
length of the spark which a coil is capable of giving will be 
much increased, the in- 
tensity of the light emitt ed 
will, however, be dimin- 
ished. A glass tube about 
10 c.m. long, having a 
short branch tube blown 
upon it in the middle, lias 
platinum wires fused into 
the Qnds, as shown in the 
figure. The branch tube, 
which is constricted, is 
connected to a Sprengel pump, and the tube exhausted. 
Hydrogen is then admitted, and the pump slowly set in opera- 
tion until the point of rarefaction is reached, at which the 
spark will pass between the wires. This is ascertained by 
frequent trial with the coil during the exhaustion. The tube is 
then sealed at the constriction. 

27. To show the high conductivity of heat of hydi'ogen. 
Two stout copper wires are thrust through a cork, and a loop of 
thin platinum wire, about two inches long, soldered to them at 
one end, so that it can be heated by an electric current. The 
current necessary to raise the ^vi^6 to incandescence, in the am, 
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Fig. 13. 


;pnist be aiTangeclj and on thrusting the wire up into an inverted 
cylinder of hydrogen, the glow will be seen to gTeatly diminish^ 
or to cease altogether, depending upon 
the original intensify of ther glow^when 
in the air. 

As introduction of the heated wire 
into the hydrogen causes the ignition of 
the gas at the mouth of the cylinder, it 
is beat to pass the wire in before con- 
necting with the battery (a switch should 
be placed in the circuit). When the 
circuit is completed, no visible effect re- 
sults, but on withdrawing the wii’e into 
the air it will instantly glow, and the 
withdrawal of the wire will not inflame 
the hydrogen. This may be repeated 
once or twice if the air is fairly free from 
‘ " draught, and finally the glowing wire 

may be thrust in without interrupting the current ; the hydrogen 
will inflame, and the glow will again stop. 





HYDROGENIUM 

28. The fact that palladium has the power of absorbing 
or condensing upon itself large quantities of hydrogen may be 

shown by passing an electric 
current through acidulated 
water, using a plate of palla- 
dium as the negative elec- 
trode. A narrow vertical 
glass cell may be employed, 
and an image of it projected 
upon the screen. When two 
platinum electrodes are'^iutroduced, and a current from three 
Grrove’a cells passed through the liquid, bubbles of gas will 


Fig. 14. 
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be seen to be disengaged from both plates ; on replacing the 
^negative plate by a similar plate of palladiumj and again passing 
the current, gas will be evolved only from the positive electrode, 
the hydrogen being entirely absorbed by the palladium. The 
palladium electrode should be heated to rediless immediately 
before being introduced. After a short time the palladium will 
have absorbed as much hydrogen as it is capable of taking up, 
and when this point is reached gas will be seen to be evolved 
from both electrodes. 

29. To show the chemical activity of the hydrogen in this 
condition by its reducing power. The palladium electrode, after 
it has absorbed hydrogen, may be immersed for a moment in 
a solution of ferric chloride, and quickly withdrawn. The 
solution which adheres to the metal will be more or less reduced 
by the absorbed hydrogen to the ferrous condition, and if the 
electrode is then dipped into a dilute solution of potassium 
ferricyanide (which may be contained in a cell and an image 
thrown on the screen) the blue colour will instantly be seen, 

• 

30. To show the change in volume which palladium under- 
goes when it absorbs hydrogen. Two narrow strips of palladium, 
each attached to a platinum wire, are varnished on one side 
with either shellac or photographic varnish. These strips are 
then placed in a suitable cell containing water acidulated with 
sulphuric acid, and an image of them projected upon the screen. 
On passing the current ftom two Grove’s cells, the negative 
electrode will be seen to curl up ; on revers- 
ing the current it will uncurl, and the other 
one, which has now become the negative 
plate, will begin to cui'l i and they will con- 
tinue to curl and uncurl as often as the 
cuiTent is reversed. 

The most suitable form of cell for this experiment is one 
- which can be used with a horizontal^ projection apparatus (see 
Lantern Illustrations). It consists of a shallow circular, flat- 
bottomed glass dish, of nearly equal diameter to the condensing 


Fig. 15 
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Ipna of the apparatus, and should be provided with two binding 
screws to which the electrodes may be attached (fig. 15). Ther 
electrodes should be of such a length that as tli^ curl and 
uncurl they can pass each other without touching. They^must 
be placed in the^cell edgeways to the light, and their varnished 
sides sbould be so arranged that the strips will curl up in 
opposite directions, 


OXYGEN 

METHODS OF PREPAHATION 

31, From mercuric oxide. HgO = Hg -f- 0. A piece of com- 
bustion tube closed at one end is bent so as to produce an elbow 
at a short distance from the closed end (fig. 16), the open end 
is fitted with a cork and delivery tube. A small quantity of 
mercuric oxide is introduced into the tube, and strongly heated. 
Oxygen is evolved, and may be collected over the pneumatic 
trough. Mercury condenses on the sides of the tube at a short 
distance from the flame, and the globules will collect at the 
bend, 

Fig. 16. Fig. 17. 



38. From potassium chlorate. KC103=KC1 + S0. Potas- 
sium chlorate may be heated in a flask (an assay bulb is very 
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^convenient), fitted with a cork and delivery tube (fig. 17). It 
iei well to -previously dry the salt, otherwise moisture from it 
condensing ^n the neck of the flask is liable to run back upon 
the hot glass and cause its fracture. 

33, From a mixture of potassium chlorate and manganese 
dioxide. Chlorate of potash (not powdeied) may be mixed with 
about its own bulk of manganese dioxide in a Florence flask. 
The flask should be held in a hoiizontal position, as a consider- 
able quantity of moisture is disengaged from the mixture, and 
in this way all risk of its condensing and running back into the 
hot flask is avoided. As the evolution of oxygen is very rapid, 
wide delivery tubes 
must be used; it is 
best to stretch a piece 
of caoutchouc tube 
over the neck of the 
flask (as sliown in 
fig. 18). If the gaa 
is to be washed, which 
it is desirable to do, 
os considerable quantities of oxide of manganese are carried 
forward with the gas, glass tubes should be fitted to a WoulFs 
bottle, as wide as the necks will allow. The gas may be 
collected in a gasholder. 

34. By the action of chlorine upon steam at a red heat. 
1120 + 012=21101+0, A stream of chlorine gas is passed 
through a flask containing water, and kept at the boiling 
temperature (f, fig. 19).^ The mixture of chlorine and water 
vapour is then conducted into a porcelain tube, hlled with frag- 
ments of pumice, and heated to redness in a furnace. Imme- 
diately before entering the hot tube the gases should be passed 
through an empty flask or Woulf’s bottle, to arrest condensed 
water, and, as an additional safeguard, the lower end of the 

^ Eor the description of the ohlorine-generatiug^apparatua see igxp. 164. 


Fig. 18. 
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tube leading to the porcelain tube may be filed off obliquely 
shown in fig. 20) so that any drops of water condensing in this 



tube may be able to run back into the bottle. The gases which 

are evolyed at the end of the 
heated tube must be passed 
tlu’ough a Wonlf’a bottle contain- 
ing a solution of sodium hydroxide 
to absorb the hydrochloric acid 
which is formed in the reaction, 
and the oxygen may be collected 
over the pneumatic trough. It 
is desirable to encase the porce- 
lain tube in a thin sheet-mon 
tube, which makes it less liable 
to fracture. \ 

35. By the action of chlorine 

and cobaltio oxide on water. 

(1) 01, + H20 + 20oO=2H01 + Oo 203 ; 

(2) Dq203==20oO + 0 ; 

(3) 2HG1 + 2NaHQ 2Nu01 + 2H,0 ; 


Fig. 20, 
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or, 

(1> 2NanO + Gl, + 2CoO = 2 Na 01 4 H ,0 + Oo.Og ; 

(2) '' 00303 = 2O0O + O. 

A few drops of a solution of a cobalt salt (chloride or nitrate) 
are poured into a flask of about 400 c.o. capacity containing 
a strong solution of caustic soda. This 
solution is gently boiled and a stream 
of chlorine passed through the liquid^ 
when a rapid evolution of oxygen will 
take place. The tube which delivers 
the chlorine should dip about a centi- 
metre beneath the liquid, and should be 
made a>s wide as can be conveniently 
passed through the neck of the flask 
to prevent a stoppage by the sodium 
chloride which is formed ; the wide 
piece may be blown on to a narrow 
tube as shown, in the figure, or a thistle funnel may be sub- 
stituted. 

36 . By the action of oobaltio oxide on a solution of bleaching 
powder. 

( 1 ) Oa(001)3H-4CoO=OaOL + 200 . 03 ; 

(2) 20o203=40o0 + 03 . 

A few drops of nitrate of cobalt solution are added to a solu- 
tion of bleaching powder contained in a flask (about 250 c.c, 
capacity) fitted with a cork and bent delivery tube ; on gently 
beating tbe mixture oxygen is evolved. 

/ j 

^ 37 , By passing a stream of chlorine gas through boiling milk 
of lime to which a few drops of a solution of a cobalt (or nickel) 
salt have been added. Ol2 + 0aH2O2=0a0l2 + H2O + O. The 
milk of lime is placed in a flask of about 400 c.o, capacity, and 
a small quantity of cobalt chloride added. The flask is fitted 
with a cork and tAvo tubes, one of which passes nearly to the 
bottom of the flask, the other ending below the cork, ^The con- 
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*'tents of the flask are raised to the boiling-point when chlorine 
is passed through, and a rapid evolution of oxygen takes 
place. r‘ 

38 . By the Motion of water upon sodium peroxide Na^Og 
+ HgO = 2NaHO + 0 . A few grams of sodium peroxide are 
placed in a small dry flask, furnished with a di’opping funnel 
and delivery tube, and water is slowly introduced. Each drop 
of water falling upon the peroxide causes an energetic reaction 
to take place, with the rapid evolution of oxygen, which may be 
collected at the pneumatic trough. 

A modification of tliis experiment may be made in the fol- 
lowing way. A small heap of sodium peroxide is placed upon 
a piece of blotting-paper, and a drop of water from a pipette is 
allowed to fall upon the compound. The energy of the action 
at once causes the ignition of the paper. 

Or again, if a little sodium peroxide be mixed with about 
its own bulk of magnesium filings, and a few drops of water are 
added to the mixture on the lid of a porcelain cyucible, the mass 
immediately inflames with a mild detonation. 

39 . By gently heating a mixture of manganese dioxide and 
strong sulphuric acid in a flask provided with a delivery tube, 
oxygen gas is evolved. MnOg + H2SO4 = MnSO^ + HgO + 0. 
The manganese dioxide may be replaced by either lead dioxide 
or red-lead. 

40 . By gently heating a few crystals of potassium di- 
chromate with strong sulphuric acid in a flask with a delivery 
tube, oxygen is rapidly evolved. K2Cr207-l'4H2S04 = K2S04 + 
Cr 2 (S 04)3 + 4H20 + 80. 

iff 41 , By the action of plants updn carbon dioxide in bright 
light. For this purpose sprigs of fresh mint are placed in a 
glass cylinder filled with ^ater charged with carbon dioxide and 
inverted in a dish of the same solution. The whole is then ex- 
posed to ^bright sunlight for several hours. Bubbles of gas 
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gradually make tlieir appearance and collect at the top of the^ 
cylinder. The gas may be transferred to a test tube, shaken 
with a few drops of caustic soda solution and finally shown to 
be oxygen by its effect on a glowing splint of wood. 

42. If the mint be placed in a glass cell filled with the car- 
bonic acid solution, and an image of it thrown on the screen by 
means of the electric light, the action of the light in bringing 

.about the decomposition will be seen by the rapid formation of 
bubbles of gas upon the leaves, and in a very few moments 
bubbles of oxygen will be seen to detach themselves from the 
leaves and float to the surface. The beam of light must be 
passed through a water cell to cut off the heat before being 
allowed to enter the cell containing the mint. 

43. Another way of showing this effect is to pack a large 
flask, capable of holding about six litres, with fresh green stuff, 
such as mint. The flask is closed by a cork carrying two tubes, 
one reaching to the bottom, the other ending just through the 
cork. A stream of washed carbon dioxide is then passed tlirough 
the flask, entering by the longer tube, until the air is entirely 
displaced, and the escaping gas is entirely absorbed by caustic 
soda. The delivery tube in coimection with the exit tube from 
the flask may be made to dip into a dish containing a solution of 
caustic soda. A long tube, having a stoppered funnel at one end, is 
filled with soda and inverted over the end of the delivery tube, 
and the bubbles of carbon dioxide which are allowed, very slowly 
to pass through the apparatus will be ^ seen to entirely absorb as 
they ascend the tube. The flask is then exposed to the light 
from a powerful electric arc, and almost immediately it will be 
seen that the ascending bubbles are not entirely absorbed, but ' 
leave a small residual quantity of gas. As the upper layers of 
caustic soda in the tube get saturated with carbon dioxide, fresh 
quantities of the solution may be altewed to enter from the 
stoppered funnel at the top of the tube. In a short time several 
cubic centimetres of oxygen may be collected. 
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44. To show the action of oxygen on combustibles. A cliip| 
of wood which has been lighted and blown out, aiicl still retains 
a glowing spark upon it, may be introduced into -a cylinder of 
oxygen ; vigoro^is combustion instantly begins, and the chip will 
burst into flame. The cedar splints retailed by tobacconists 
are most convenient for this purpose. 

The same effect may be obtained by introducing a taper, the 
wick of wliicli retains a glowing spark upon it. The kind of 
taper best suited for this is the green-col cured taper, usually-^ 
obtained in coils. A short piece is fastened into a helix at the 
end of a copper wire. 

45. A piece of charcoal may be attached by means of copper 
wne to a defiagi*ating spoon, a corner of it ignited in a flame, 
and the charcoal introduced into a flask of oxygen. 

If bark charcoal be nsed, it will throw off showers of 
scintillatious as it burns. A supply of bark charcoal can easily 
be obtained by packing a crucible with pieces of bark, covering 
the crucible, and heating it to redness for some^time in a fire. 

46. A piece of sulphur contained in a deflagrating spoon 
may be ignited and introduced into oxygen. 

Instead of. placing the sulphur in the spoon, the spoon itself 
maybe unscrewed or out off, and in its place a bundle of asbestos 
is fastened, by means of copper binding wire ; a quantity of 
Bulpbur is melted in a test-tube, and the asbestos dipped into it. 
Ill this way a large surface of sulphur will be obtained, and when 
it is ignited and plunged into oxygen aflame 6 or 7 centimetres 
in length will be obtained. The same bundle of asbestos can be 
again dipped in sulphur and used for an indefinite number of times. 

47. A piece of phosphorus may be ignited on a deflagrating 
spoon and introduced into a flask of oxygen. The spoon should 
reach nearly to the bottom of the flask (the cap being fixed at 
the right place upon th^ stem before the experiment is made), 
so that the flam© of the brnming phosphorus may not impinge 
again&t the upper part of the flask, and so crack it. 
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48. To show the aotion of oxygen on certain metala. A * 
bimdie of steel wire may be burnt in oxygen by dii’ecfcing a 
stream of the gas through a spirit-lamp flamoj and causing the 
flame to impinge upon the end of the bundle wire, the wire 
being held in the same direction as the flame (fig. 22). The 
wire will thus become 
ignited, and the lamp 
may be withdrawn. 

•The bundle of wire con- 
tinues to buim with 
brilliant scintillations 
in the stream of oxy- 
gen. The oxygen may 
be delivered through 
a piece of glass tube, about 5 millimetres bore. 

Instead of a spirit-lamp flame a Herapath blowpipe may be 
employed, using coal gas for the flame with whicli to heat up 
the wire, and in the same way the gas may be turned off as soon 
as the steel begins to burn. 

49. A stream of oxygen may be passed through molten iron 
in a crucible. A quantity of scrap oast iron is melted in a 
Hessian crucible in a suitable furnace. A stream of oxygen, 
delivered through a piece of iron gas pipe, is forced through the 
metal, and a brilliant shower of sparks will be thrown up out of 
the crucible. The end of the gas pipe must be made red hot 
before being introduced into the crucible, or it will be instantly 
sto 2 )ped up. 

60. Powdered magnesium may be burnt in oxygen by 
injecting a small quantity of the metal into a flame by means 
of a sudden puff of oxygen gas. 

For this purpose a piece of brass tube, about 10 centimetres 
long and 10 millimetres bore, is connected at one end by means 
of a caoutchouc tube to an oxygen resAwoir. A small quantity 
(2 or 3 grams) of magnesium filings is placed in the brass tube 
at the open end, A roll of wii’e gauze,, about G centimetres 
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" long and about the same thickness as the brass tube, is threaded 
upon a piece of copper wire, the end of which is wound into a 
spiral tl)rougli which the brass tube can just pass i the roll of 
gauze is dipped into spirit, and the brass tiibe pushed into the 
spiral until the open end nearly touches the gauze ; the spirit is 
then inflamed. The h-ir contained in the caoutchouc tube is very 
gently swept out by passing a slow stream of oxygen through 
the apparatus, and then on sending a sudden puff of gas the 
magnesium will be projected into the long spirit flame, and aU 
the same time supplied with oxygen, so that the flash of light 
will be intensely dazzling. 

61. Aluinininm may be burnt in oxygen by introducing into 
a cylinder of oxygen two or three leaves of aluminium (books of 
aluminium leaf are to be obtained, just as gold loaf or Dutch 
metal from the dealers), and dropping upon them a small 
fragment of charcoal, about the size of half a pea, which has 
been ignited in a flame. The metal will burn with a brilliant 
flash of light. 

52. Zinc may be burnt in oxygen by directing a stream of 
the gas into a crucible, containing a quantity of zinc heated in 
a furnace until the zinc begins to burn in the air, 

53. To show the combustion of hydrogen in oxygen, a jet 
of hydrogen burning from an iron fish-tail burner, which is 
screwed into the end of a piece of lead pipe, may be lowered 
into a cylinder of oxygen. 

To show the high temperature of the flame of hydrogen 
burning in oxygen, hydrogen may be burnt in an ordinary 
oxy-hydrogen jet, and gently fed with oxygen. 

On directing the flame down upon a fragment of metal, such 
as silver, contained in a bone-ash cupel, the metal may be 
boiled. 

A piece of tliin stedl — e.g. a fragment of watch-spring — 
held in the flame burns with the evolution of brilliant scintil' 
lations. 
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A piece of platinum wire held in the flame rapidly melfcs, • 
mcl the molten globule begins to boil on the end of the wire. 

A fragment of lime presented to the flame is instantly raised 
tn incandescence, and emits a brilliant light, well known as the 
‘ lime light ’ or ^ Di’ummond light.’ 

54. To show the solubility of oxygen in molten silver. A 
quantity of silver is heated, as described in Exp. 53, until a 
large button of the molten metal is obtained j the supply of 
Jaydrogen is gradually diminished, so that there is an excess of 
oxygen passing from the jet. The melted metal will rapidly 
absorb all the oxygen it is capable of retaining. On allowing 
the mass to cool, this oxygen is again evolved, and as the metal 
solidifies first on the outside, the crust will be violently burst by 
the sudden evolution of oxygen from the interior portions of 
fche mass. 


OZONE 

« 

METRO os OF PREPARATION 

^ 5S. By the slow oxidation of phosphorus. One or two sticks 
of freshly scraped phosphorus are placed at the bottom of a tall 
glass cylinder and about half covered with water. Within five 
or ten minutes enough ozone will be prodxiced to answer the 
test with ozone paper. The cylinder may be closed either by a 
stopper or by a glass plate. After the lapse of some time the 
ozone which is formed begins to act upon the phosphorus, and 
so diminish in quantity, until at last there will be insufl^cient 
left to give the test ; it is necessary, therefore, to avoid exposing 
the phosphorus too long before the experiment is required. 

56. By the slow oxidation of ether. A few cubic centimetres ^ 
of ether are poured into a glass cylinder>and a spiral of platinum 
wire, which has been heated bypassing through a Bunsen flame, 
is lowered to within two or thi^ee centimetres of the ether. The 
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> mixture of ether vapour and air undergoes combustion upon 
the platinum wire, and if a piece of moistened ozone paper hn 
introduced into the cylinder the blue colour will instantly make 
its appearance. (Whether this is really due to ozjone is a 
question which has not yet been put beyond doubt,) 

Ozone papers (syn. ^ starch papers ') may be made by 
dipping strips of cartridge paper into an emulsion of starch to 
which a small quantity of a solution of potassium iodide has 
been added, and hanging them up to dry ; they may be pm- 
served in stoppered bottles. When used they are first moistened"' 
by being dipped into distilled water. 

57. By the passage of electric sparks through the air. The 
air in the immediate neighbourhood of an electrical machine at 
work is so charged with ozone that a moistened test paper 
suspended near such a machine is very soon coloured. If the 
paper is held between the terminals, especially when they are 
giving a brush discharge, the paper is instantly turned blue. 

Fia. 23. 68. By the passage of an electric current tlu'ough 

acidulated water. A current from five or ten Grove's 
cells may be passed through water acidulated with sul- 
phuric acid, using the apparatus designed for collecting 
the mixed gases. On allowing the escaping gases to 
impinge upon starch paper, the presence of ozone will 
be made manifest. 

To show that the ozone is formed at the positive 
electi'ode only, the apparatus fig. 23 may be used, and 
a small quantity of starch emulsion added to the acidu- 
lated water. Immediately before the experiment is 
made a few drops of potassium iodide solution are added, 
and the mixture introduced into the apparatus. On 
passing the current it will be seen that the contents 
of that limb of the apparatus containing the positive 
electrode will he turned blue. The mixture of starch 
and potassium iodide with dilute sulphuric acid will slowly 
give the blue colour when left to stand; hence the neces- 
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sity for not mixing them until the time ‘of perfoi'ming the, 
experiment. 

'^ 9 . the passage of the silent electric discharge throngi 
oxygen. This may be effected by means of a ‘.Siemens ozone 
tube ’ (fig. 24). The stream of oxygen should be dried by being 


Fia. 24. 



bubbled thi’ough^ concentrated sulphuric acid, and it should be 
exposed to a feeble electric discharge, obtained by the influence 
of two Grove’s cells upon a Ruhmkorf coil. 

60. The Siemeue tube may be replaced by a simple piece of 
apparatus, shown in fig, 25, which may be made in the follow- 

Fig. 25, 



ing way : a piece of glass tube about 30 centimetres long and 
4 millimetres bOre has a piece of fine platinum wire fused 
through the side at about 80 millimetres from one end, and' 
extending along the inside of the tube nearly to the other end- 
A second platinum wire is wound as spiral round the outside 
of the tube over its entire length, but ending a few millimetres 
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^ short of the point where the inner wire comes through the 
glass, and it is secured from slipping by being tightly twisted 
round the glass at each end of the long spiral. On sending a 
gentle stream of osyg’en through this tube, the two wiies being 
connected with the coil in action, abundance of ozone is 
instantly produced. 

The simplest way of inserting the platmnm through the 
glass is to heat the part where it is intended to introduce the 
wire with a fine pointed blow-pipe jet until a small spot is soft j 
the end of a piece of platinum wire which is heated in the same 

•flame is then pushed gently into 
the softened glass, and the glass 
drawn out by gently pulling the 
wfre (fig, 26) ; it may he drawn 
out at any desfred angle to the 
tube. The small branch tube so 
obtained is cut ofif near to the 
tuain tube, and the long platinum wire pushed through. By 
directing the blow-pipe flame upon the opening where the wire 
enters, the glass may he fused to the wire, making a perfectly 
gas-tight joint. 

61 . A modification of the Siemens tube, which yields better 
results than either of the aboye, may be constructed as follows : 
A i)iece of glass tube about 20 centimetres (8 inches) long and 
9 millimetres (f inch) bore has one end drawn out and a short 


ifio. 27. 



Fig. 26. 



piece of small tube blown on (a, fig. 27). As near to the 
other end as possible a small side tube is blown into the tube. 

A second piece of glass tube of the .same lengiih, with thin 
walls, -^nd of such a diameter that it will go inside the other 




OZONE 


S8 


hube, leaving a space of 2 millimetres all round, is sealed up at® 
Sue end, and a piece of platinum wire about 2 centimetres long 
fused in at the closed end. The other end is drawn oi;t to a 
point. The tube is filled with dilute sulphuric acid (1 acid to 
2 water), and the end sealed up, leaving only a small air 
bubble. This tube is to be fixed inside the former one. This 
may be done by a plug of asbestos paper, a narrow strip being 
flaked off a piece of asbestos card ; this is wrapped roimd the 
smaller tube until it fits tightly into the outer one. To keep 
the inner tube central a similar narrow strip of the asbestos 
paper may be put round it near the end which is inside, but 
not so tightly as to prevent the free passage of gas. The outer 
of these two tubes bas now to be surrounded by a third tube, 
in order that a layer of sulphuric acid may be spread all over 
the surface. This outermost jacket, into which, near one end, 
a narrow side tube is blown, may be fitted over the other by 
means of two narrow rings out from a piece of caoutchouc tube, 
and over which the tube will firmly fit. The space between 
the jacket and tl;o middle tube is filled up with dilute sulphuric 
acid, and the little branch tube may be drawn off and a platinum 
wire fused in ; or it can be capped with a short piece of caout- 
chouc tube and a glass stopper carrying a piece of platinum wire. 

It will be seen that this piece of apparatus difiers from the 
iSiemens tube only in having the two coatings of tin foil re- 
placed by coatings of dilute sulphuric acid, and it is this which 
increases its efficacy. 

62. Ozone appears to be produced in appreciable quantities 
in all the ordinary reactions for the formation of oxygen ; thus 
when potassium chlorate, or mercuric oxide, is heated, and the 
gas evolved allowed to impinge upon starch paper, a blue coloura- 
tion will be produced, 

When manganese dioxide or barium peroxide is acted on 
by sulphuric acid ; in the same way ozone is produced. 

63, To show that contraction takes place when oxygen is 
converted into ozone. A piece of apparatus somewhat similar to 
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Fig. 28. 


'the ozone tube iJ)ovo described, but without the outer jacket, 
may be used for this purpose. In this case, however, the sid% 
tube (a, fig. 27), has a stopcock upon it, and the tube oJ is 
continued for about SO centimetres. This tube is bent in the 
middle, so as to form a U tube, to serve the purpose 
of a manometer. Just beyond the point where this 
tube is joined to the wider one, a second stopcock is 
blown in (fig. 28). By means of these stopcocks the 
apparatus maybe filled with oxygen, without disturb- 
ing the liquid in the manometer. The U tube may be*^ 
half filled with sulphuric acid, which may be coloured 
with indigo to make it more visible. Bound the out- 
side of the wider tube a platinum wire is wound. 
On connecting this with one terminal of an induc- 
tion coil, and the inside tube of acid to the other, 
and passing the electric discharge, a contraction in 
volume of the contained gas will at once be seen by 
the change in level of the liquid in the two limbs 
of the manometer. 

Bor this experiment the ozone' tube itself (either 
the Siemens tube or one of the modifications above 
described) may b® used, by attaching to the end of 
it, a narrow U tube containing coloured sulphuric acid. The 
attachment must be made by means of a short piece of wide 

tube, fitted with two wooden corks, 
as shown in fig. 29. A stream 
of oxygen is first passed through 
the ozone tube, the manometer is 
then attached, and the inlet tube 
stopped by means of a plug of 
wax.- This arrangement, however, 
does not readily allow of the levels 
of the liquid in the manometer 
r being adjusted for any change 6f ■ 
temperature which may occur between filling the apparatus and 
performing, die experiment. 


Fig. 29. 
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64. To show the absorption of ozone by turpentine. By* 
tneans of the apparatus, 29 a, the contraction in volume which 
accompanies the conversion of oxygen into ozone may be first 
demonstrated, and afterwards the 
further diminution in volume re- 


suiting from the absorption of the 
ozone from the mixture by means 
of turpentine. 

In this apparatus the inner 
' tube is practically a greatly elon- 
gated hoUow stopper, ground to 
fit the neck of the outer tube. 
Near its upper end it .has two 
little projections, a, a, about 2^ 
centimetres apart. 

The outside tube has a small 
manometer attached, of rather 
narrow tube, and of, such a size 
that the whole of it will be covered 
by the lamp condenser, so that an 
image of it can be thrown upon 
the screen. The stopcocks b and 
0 allow of a stream of oxygen 
being passed through the appa- 
ratus. 

The outer tube has also two 
little projectiona upon it, &, 
very near together in a horizontal 
plane, and in such a position that 
they lie about midway between 
those on the inner tube. By 



means of these four projections, a 

sealed capillary tube, d, containing turpentme, can be held in 
the position shown in the figure, and, when deahed it can b© 
broken by a slight twist of the stopper, without in any way dis- 


turbing the level of the liquid in the gauge. 


m p 2 
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^ To perform tlie experiment, the outer tube is held in an 
inclined position, and a sealed capillary tube filled with turpen* 
tine is placed inside, so that it lies between the two projections. 
The stopper is then inserted and gently turned round until the 
capillary tube is securely held by the projecting points. Oxygen 
is then admitted by the cock c, and allowed to escape through 
B, after which both cocks are closed. 

The apparatus, held by its neck in a clamp, is then placed 
in a jar containing water and crushed ice, the gauge projecting 
outside, so that an image of it can be thrown upon the screen. 
As the tube cools, the liquid in the manometer (strong sulphuric 
acid) should be levelled by admitting a little more oxygen 
through c. 

By means of a wire dipping into the water in the jar, and 
another into the dilute acid in the inner tube, the oxygen within 
the apparatus can be ozonised, and the contraction will be 
manifest by a change of level in gauge. As soon as a moderate 
contraction has taken place the electrification should be stopped. 
Now by turning the stopper the capillary tube will be broken, 
without any disturbance of the image upon the screen, and the 
turpentine set at liberty, when a farther diminution of the 
gaseous volume will at once take place, which will be indicated 
by a further movement of the liquid in the manometer. 

This second contraction will be seen to be exactly twice as 
great as that which first resulted. 

66. To show the decomposition of ozone by potassium iodide, 
and no change in the volume. A capillary tube is filled with an 
aqueous solution of potassium iodide, and introduced into the 
ozone tube in the manner described above. The experiment is 
conducted in the same way as when turpentine is used, except 
that ozonisation may 1 e continued until there is a rather greater 
contraction in volume. When the little tube is broken no 
alteration in volume is suffered by tha. gas, but on removing 
the tube from the ice, the liberated iodine will be evident by 
the red colour of the liquid which has been thrown out of the 
capillary tube. 
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66. To show the decomposition of ozone by heat. A piece'’ 
V small glass kibe, about 18 centimetres long (7 inches), is 
attached to the end of the ozone tube by means of the connector 
above mentioned (the ordinary method of connecting by means 
of caoutchouc not being available on account of the action of 
ozone upon it). A slow stream of oxygen is driven through 
(the rate being observed by the bubbling of the gas through the 
drying bottle) ' and the coil set in action. The ozone, which may 
be shown to be formed, will be entirely destroyed by gently 
heating the tube by passing a Bunsen flame along it. Unless 
the stream of gas be carefully regulated, some of the ozone may - 
get through the hot tube without being decom- 
posed, and a test paper held to the orifice of the 
tube will not show the absence of ozone. 

67. To show the decomposition of ozone by 
certain metallic oxides. A similar glass tube to 
the above may be partly filled with copper oxide, 
and attached to the ozone tube. As the ozonised 
oxygen passes through, every trace of ozone will 
be decomposed, and the escaping gas will have 
no action on starch papers. 

68. To show the bleaching action of ozone. 

A stream of ozonised oxygen is delivered into a 
tall stoppered cylinder, and a quantity of a dilute 
solution of a colouring material, such as aniline 
blue, carmine, or indigo, is poured in and agitated with the gas 
in the cylinder. If the colour is not discharged at once, more 
ozone may be passed in, and the mixture shaken again. 

* In all these experiments it is desirable to bubble the oxygen used through . 
sulphuric acid. This not only dries the gas, but enables the experimenter to 
judge of the rapidity with which it is passing. A convenient form of wash 
bottle for this and other similar pmposes is seen in fig. 30. It consists of a 
short T tube, through which a smaller and jjpnger tube is passed, the one 
being fitted into the other by a short piece of caoutchouc tube. The wider 
tube may be fitted into a small bottle or cylinder in the same way, with 
caoutchouc. 


Fia 80. 
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»■ 69, To slLOW tte action of ozone upon meronry. A quantity 

of ozonised oxygen is delivered into a large stoppered bottle 
or cylinder, and a few cubic centimetres of dean mercury 
poured in, and rolled round tbe glass sides of tbe bottles. 

70. To test for ozone by means of potassium iodide and litmus. 
Sheets of blue litmus paper are dipped in water, wbicb has been 
rendered very feebly acid by tbe addition of one or two drops 
of dilute sulphuric acid, and to wbicb a very small quantity of 
potassium iodide bas been added. Tbe papers, wbicb are to be 
only just made red, are dried, and may be preserved. On 
moistening one of these test papers and exposing it to ozone, 
it is turned blue by tbe alkali liberated by the decomposition 
' of tbe potassium iodide. If too much iodide is present, tbe 
liberated iodine will mask tbe blue colour by turning tbe paper 
brown. 


WATER. H^O 

SYNTHETICAL EOBMATION 

71. By tbe combustion of hydrogen in air. (See Exp. 
No. 24.) 

72. By the combustion of hydrogen in oxygen. A piece of 
brass tube about 10 centimetres long and 9 millimetres bore 


Eig. 31. 



has a small branch tube sjjver-soldered, or brazed, into it at right 
angles, near to one end (fig. 31). Tbe end nearest to this branch 
Is closed by -a small brass disc, having a bole in it 5 milli- 
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metres diameter. Tlirongli this hole is passed a second brass.^ 
^ube, whicli is brazed in place so that the farther end is level 
with the end of the wider tube, and the other end projects 
about 4 centimetres. A platinum tube about 12 centimetres 
long is fitted over the open end of the outer tube by means of a 
packing of asbestos paper (see Exp. No. 7). A stream of hydro- 
gen is passed in through the smaller interual tube, and ignited as 
it escapes from the end of the platinum tube. Oxygen is then 
admitted through the branch tube, and the flame at once strikes 
back to the end of the brass jets, and continues to burn inside 
the platinum tube, volumes of steam being evolved from the 
open end. This steam may be at once condensed by fitting a 
glass adaptor into the open end of the platinum tube, again by 
means of asbestos, and connecting to this a long piece of glass 
tube (fig. 32). A continuous stream of water may in this way 


ITia. 32. 



be made to drop from the end of the tube, the rapidity with 
which it is formed being only limited by the heat inside the 
platinum tube rising high enough to melt the metal. 

73, By the explosion of mixed oxygen and hydrogen in a 
' Cavendish ’ eudiometer. A mixture of oxygen and hydrogen, 
roughly in the proportion of two volumes of hydrogen to one 
volume of oxygen, is made in a glass bell-jar, fitted with a stop- . 
cock at the top, and floating in a wide glass jar. (It is convenient 
to have this small floating gas-holder roughly graduated.) 

The ‘ Cavendish * eudiometer, after being carefully dried 
inside, and having its stoppers greased, is attached to an air- 
pump and exhausted ; it is then screwed on to the cock of the 
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^floating gas-holder, and the cocks opened ; the mixed gases will 
enter the eudiometer, which is then removed from the hell-jaif 

The cock of the gas-holder should 
be opened before the one on the 
eudiometer, to prevent the pos- 
sibility of air being drawn in, 
and this second cock should be 
turned very gradually, so that 
no drops of water are forced into 
the eudiometer. The fact that 
gas has entered, will be evident 
by the change of level of the 
water in the vessel containing 
the bell jar. After the passage 
of the spark the clean and diy 
sides of the eudiometer will be 
covered with condensed moisture. 
If at the conclusion of the experiment a short tube containing 
dry calcium chloride be dropped into the eudiometer, and the 
stopper replaced, the vessel will be found quite dry when again 
requfred for use. 

74. To show the volume composition of water synthetically. 
A mixture of two volumes of hydrogen and one volume of 
oxygen is exploded in a eudiometer at such a temperature that 
the resulting abeam is retained in the state of vapour. For this 
purpose a (J -shaped eudiometer is employed (fig, 34), the closed 
limb of which has platinum wires fused in. The open limb 
is furnished with a branch stopcock tube near the bend. The 
closed limb, which is graduated into three equal divisions, is 
surrounded with a wider tube, fitted over it by means of a cork, 
in such a way that a stream of vapour of amyl alcohol can be 
made to pass through, entering at the top, and being conveyed 
away from the bottom ^to any convenient condenser. ' The 
eudiometer is first filled with mercury, the stopcock is then 
opened so that the open limb of the apparatus will empty itself. 
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A stream of mixed gas direct from an electrolysis apparatus is 
delivered into tlie apparatus by means of a straight piece of 
small glass tube on the end of 

which is a short piece of caout* 3J:. Fia. 34:A. 


chouc tube ; this is thrust down 
the open limb of the eudi- 
ometer (fig. 34a), and beneath 
the mercury, the caoutchouc 
tube enabliug the gas to pass 
round the bend of the tube, the 
displaced mercury flowing out 
by the stopcock. When enough 
gas has been introduced, the 
delivery tube is withdrawn, 
the stopcock closed, and atmo- 
spheric pressure restored by 




pouring mercury into the open limb. The electrolytic gas should 


be passed through a small drying tube, containing pumice 


moistened with sxilphuric acid. It is well to ascertain 
for a given piece of apparatus what volume of gas must 
be delivered into it while cold, in order that it may 
occupy the space down to the third graduation when 
the tube is heated by the vapour of amyl alcohol. 

Immediately before passing the spark, the open limb 
of the tube must be half filled up with mercury, and the 
end firmly closed by the thumb. After the explosion, 
on adjusting the levels of mercury in the two limbs, the 
gas in the eudiometer will occupy two volumes. The 
vapour of amyl alcohol which is passing through the 
jacket tube during the experiment may be generated 
by boiling the liquid in a glass flask, fitted with a cork 
and delivery tube. 

The graduations upon the eudiometer tube used in 
this and the following experiment should not be made 


Pin. 35. 



by scratching or etching, as this renders the glass liable to 
fracture at these points. Neither should they consist of rings 
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of black paint or varnish (the favourite device of instrnnient- 
makers), as these are rapidly obliterated by the hot vapour & 
the steam. A good plan is to bind upon the tube, by means of 
fine copper wire, a band of copper foil, in the manner shown in 
fig. 35. 

The bands may with advantage be fairly wide — say 8 or 
10 millimetres. This not only renders them 
easily seen at a distance, but also allows a little 
margin for the errors which are incidental to such 
rough volumetric experiments. 

75* This experiment is much more beautifully 
shown by means of the apparatus as modified 
by Hofmann. This consists of a straight eudio- 
meter tube about 1 metre long. Three gradua- 
tions, about 20 centimetres each, measuring from 
the closed end, are made upon this tube; just 
below the third graduation is fitted a cork which 
carries the jacket tube to surround the upper 
portion of the eudiometer (fig. 36). The eudio- 
meter is held in a clamp which works up and 
down an upright support by means of a rack 
and pinion, and it dips into a tall cylinder mer- 
cury trough, at the bottom of which a caout- 
chouc pad is cemented. The eudiometer is filled 
with Gieroury, covered with the thumb and inverted in the 
trough; being longer than the barometric column, the mer- 
cury will sink in the tube some distance. The tube is then sup- 
ported in the clamp, and screwed up until its mouth is only about 
one centimetre beneath the mercury. Dry electrolytic gas is then 
bubbled up until themercnmj stands about 5 centimetres above the 
lowest graduation. The tube should then be lowered right to 
the bottom of the cylinder, and the excess of mercury allowed 
to overflow. As the gases in the tube are under reduced pres- 
sure, the temperature of 100°O. is sufficient to vapourise the 
water which is formed by the explosion, consequently the use of 
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fttnyl alcohol is obviated, and a current of steam is delivered 
fcA’ongh the jacket. When the steam is passing, the position of 
the tube is so adjusted that the gases occupy the space down to 
the third graduation. The height of the column of mercury in 
the tube above the level of that in the trough is 
indicated by a marker which also works up and 
down the upright support by a rack and pinion. 

The eudiometer is then lowered down to the pad, 
the marker remaining stationary, and the spark 
passed. The tube is then raised until the column 
of mercury is the same height above the level of 
that in the trough as it was before, which is indi- 
cated by the marker, and it will be seen that this 
is coincident with the second graduation. 

To avoid the risk of the eudiometer being 
cracked by drops of hot water which come with 
the first steam that enters the jacket, it is well to arrange that 
the tube delivering the steam is so bent (fig. 37) that the steam 
shall be directed against one side of the jacket ; and as a further 
safeguard the steam may be passed through a small empty flask 
immediately before entering the apparatus. 

76. To show the volume composition of water analytically, 
The decomposition of water by means of an electric current 
may be shown by passing the current 
from 5 to 10 Grovers cells thi’ough water 
acidulated with sulphuric acid. A small 
cylinder bottle is fitted with a cork with 
three holes 5 into one is fitted a delivery 
tube, and into the others two short pieces 
of glass tube carrying the platinum elec- 
trodes (fig. 38). The .electrodes may be 
made by welding strips of platinnm foil 
on to platinum wires,^ and fusing the^ 
wires into the ends of two pieces of glass tube. These tubes 

‘ For the method of welding platinum see ISxp. No. 7. 
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are partially filled up with mercury, and contact with the 
batfcery is made by dipping the wire leads into the mercury. ^ 

77, This decomposition may be shown upon the screen, by 
means of a lantern microscope. The electrolysis is effected in a 
small cell capable of being held in the clamp of the microscope, 
and fitted with electrodes of fine platinum wire. Care must be 
taken to arrange both of the wires in the same plane, so that 
both may be in focus. If the wires are greased by passing them 
through the fingers moistened with oil, and the strength of 
current carefully regulated, the bubbles of gas which appear on 
the electrodes will grow to a great size before rolling up the 
wire. To regulate the current a resistance 
ceil must be placed in the cii'cuit, consisting 
of a tube (conveniently a U tube) contain- 
ing a solution of copper sulphate, and two 
copper wires which can be drawn nearer 
or farther from each other at will. 

In the absence of a lantern microscope 
this experiment may be^ performed in a 
larger glass cell, using platinum plates as 
electrodes. The plates should be placed 
edgeways to the screen, and an image of 
them projected on to the screen by means 
of a short-focus lens, (See p. 826.) 

78. To collect and measui’e the separate 
gases. For this purpose various forms of 
apparatus may be used. If it be desired to 
show the properties of the two gases, a con- 
venient form of apparatus consists of a glass 
basin with two tubulures in the bottom 
(fig. 89) into which are fitted corks cariying 
the electrodes. The basin stands in a wooden 
support, and connectior: is made with the electrodes either by 
causing them to dip into small wooden cups containing mercuiy, 
which are fastened on the foot of the apparatus, or directly by 
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means of binding screws. Two cylinders of equal size are 
suspended over the electrodes. 

79. A compact form of apparatus may be constructed in the 
following way. A Avide-mouth glass cylinder (fig. 40) is loosely 
fitted with a cork with four 
holes. Through two holes pass 
glass tubes reaching to the 
bottom and recurved at the 
end ; these carry the electrodes 
fused into their ends, and are 
filled up with mercury . Thro ugh 
the other two holes pass two 
short tubes which are blown 
upon the ends of wider tubes, 
capable of passing over the 
platinum electrodes ; one of 
these is placed over each elec- 
trode. To the upper exti'emi- 
ties of these two tiibes delivery 
tubes may be attached, and 
the gas evolved from the two electrodes collected in a pair of 
graduated cylinders over a pneumatic trough, care being taken 
that each delivery tube dips to the same extent beneath the 
surface of the water in the trough. 

80. The relative volumes of the two gases as evolved by 
electrolysis may be shown upon the screen by projecting the 
image of a small electrolysis apparatus, constructed in the form 
of a U tube with a side tube blown in near the base (fig. 41), 
and with a short platinum wii’e fused into each limb of the U. 
The apparatus is made of such a size that the entire length of 
the tubes from the electrodes to the top is well covered by the 
lens employed to condense the light upon itj each limb may 
be graduated into two divisions by rneans of small rings of 
caoutchouc, cut from caoutchouc tube. Dilute acid is dropped 
ia at the open tube by means of a drawn-out thistle tube, and 
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shaken up into the closed limbs by inverting the apparatus. 
The tubes being small, the acid will not run out, and when the 
cun’ent is passed the displaced liquid maybe allowed to drop into 
a small dish. As the tubes may not be absolutely true in the 


Fig. 41. 



bore, it is well to find the exact places for the graduations by 
experiment, and then to mark, on the lower part of the tubes, 
the letters H and 0, respectively. 


Fig. 42. 


81. The gravimetric composition of water. The principle of 
Dumas’ method for determining the composition of water by 

weight, may be illustrated 
by passing a stream of hy- 
drogen over copper oxide 
contained in a bulb tube, 
/ A one end of which is drawn 
out and bent at an obtuse 
angle (fig. 42). This drawn- 
out end is fitted by means 
of a cork into one neck of a 
small two-necked receiver, or into a small Wurtz’s flask, and 
the exit from the receiver, or flask, is attached to a chloride of 
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calcium tube. Before the hydrogen entera the bulb tube it is • 
tUso passed through a drying tube. These drying tubes are 
merely to symbolise the apparatus for purifying and drying the 
gas. The hydrogen should be allowed slowly to pass through 
the apparatus, and when all air is expelled, the bulb containing 
the copper oxide may be gently warmed. The combustion of 
the oxide will be manifest by the glowing of the mass and its 
reduction to metallic copper. The bulk of the water will con- 
dense in the receiver. 

If it be intended to show the change of weight undergone by 
tlie different parts of the apparatus, it is well to counterpoise 
the two essential portions, viz. (1) the bulb tube with its charge 
of copper oxide, and (2) the receiver with the attached calcium 
chloride tube, by means of small beakers containing either mercury 
or fine shot. In this way each part may be counterpoised before- 
hand, and, at the time of doing the experiment, may be shown to 
exactly balance its own tare. After the experiment has pro- 
ceeded for a short time it is easy to demonstrate that the bulb 
tube has lost weight, and that the receiver has gained. 

With a little care it is quite possible to make the experiment 
so far a quantitative one that, by noting the alteration of weight 
of the parts, the composition of water may be calculated, (See 
Exp. No. 378.) 

82, To show the decomposition of steam by electric sparks. 

A small four-way globe has fitted into two opposite tubulures 
two corks carrying platinum wires fused into glass tubes. The 
third tubulure carries a delivery tube (fig. 48). By the fourth, 
the globe is connected to a flask in which steam is being gene- 
rated. When the whole of the air from the apparatus has been 
expelled by the steam, a series of electric sparks is passed - 
between the platinum wires within the globe, and at once it will 
be seen that the gas escaping from the delivery tube is no longer 
entirely condensed in the water of th^ pneumatic trough, but 
that small bubbles are collected. It is well to collect the gas in 
a long narrow tube instead of the usual cylinder or gas jar. The 
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lamp employed should be provided with a chimney, or in some 
way screened from any draught, as a momentary failure of tlfe 

heat will cause the water in the 
trough to be driven back into the 
apparatus. 

The four-way globe may be re^ 
placed by a four-way tube, which 
may readily be blown from glass 
tube ; in this case the platinum wires 
can be fused at once into the two 
opposite openings. For this experi- 
ment a coil must be used capable 
of giving a strong spark of not less 
than one inch. 

For decomposition of water by 

For decomposition of water by chlorine see Oxygen. 

83. To show the colour of water. A tube made of sheet 
tinned iron, 10 centimetres diameter and from 4 to 5 metres 
long, is provided with caps with plate glass ends j the caps may 
be permanently cemented on. The tube is also provided, near 
to one end, with a small opening, through which water can be 
introduced, and which is capable of being closed with a cork. 
The tube is placed in a horizontal position, and half filled with 
pure distilled water. A parallel beam of light is sent through 
the tube, and an image of the end projected upon the screen. 
It will be seen that the light emerging from the water is of a 
bluish-green colour. The disk upon the screen will therefore 
have its upper half green, the lower portion being the unaltered 
light fi'om the lamp. After use, the tube should be carefully 
drained dry and then corked up to prevent the entrance of dust. 

84, The same effect may be shown by causing a beam ol 
light to travel twice through a shorter stratum of water. A 
glass cylinder about 10 centimetres diameter and one metre 
long (or longer if convenient) has a layer of clean mercury 


Fig. 43. 



metals see Hydrogen. 
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placed in the bottom, and is then filled up vritli the purest dis- 
tflled water. A narrow beam of light is reflected by a mirror 
down through the water in such a way that the beam will be 
reflected up from tho surface of the mercury and may be re- 
ceived upon a second mirror and thrown upon the screen (fig. 44). 


Eig, 41:. 



The greenisli colour of the emerging light will be very per- 
ceptible, This method has the obvious advantage that the 
audience can see the colourless appearance of the water con- 
tained in the cylinder. 

By intercepting the beam at A by a small piece of mirror held 
in the hand, the light may be thrown direct on to the screen, 
whereby the colour of the white light may be compared with 
that of the beam, after its passage through the water. 

In order that the light upon the screen may be defined, it 
is well to employ a small stop upon the condenser in the 
lantern, and to focus an image .of it upon the screen by means 

E 
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of a focussing lens (l, fig. 44). Tlie beam from this leiis is 
then diverted into the water. ^ 


86. To show the spheroidal state of water. A metal crucible, 
preferably nickel, has its bottom turned flat and polished in a 
lathe. If the crucible is not thick enough to allow of this, an 
iron disc may be brazed on the bottom, and the iron turned flat 
and smootli. Three or four holes are bored in the side of the 
crucible, so as to enable a flame to be kept alight under it 
when inverted. The crucible is placed upon a chimney carrier 
screwed to the tube of a Bunsen, and the whole is stood upon 
a levelling block, and placed in front of the lamp. A parallel 
beam from the condenser with a small atop is sent across 
the flab bottom of the crucible. A dropping funnel containing 
water, with its stem drawn out to a long capillary tube, is held 
by a clamp over the crucible, so that the point of the tube is 
about 2 millimetres above the metal, and an image of this tube 
is carefully focussed on the screen. A small jet of gas is lighted 
in the crucible, and water is allowed very slgwly to drip from 
the funnel. The water will assume the spheroidal condition, 
and will be held from rolling away by the fine tube which 
delivers it. If the level of the crucible is rightly adjusted, a 
distinct line of light will be visible on the screen between the 
spheroid and the hot metal. 

A simple and convenient form of levelling table is easily 
made in the following way ; — 

Three round-headed brass wood screws, about 3^ centimetres 
long, have soldered upon each of them, nearly up to the head, 

a brass ‘ blank ’ about 2 centimetres 
diameter (fig. 45). These are screwed 
into a mahogany block, 10 centimetres 
square by about centimetres thick, 
two of the screws being at the opposite 
ends of one side, and the third in the 
middle of the opposite side. The holes in the wood should 
be sufficiently large to allow of the screws being easily twisted 


Fia. 46, 
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wiHi the fingers by means of the flange made by the brass ^ 
flank, 

86. The spheroidal condition of water may also be demon- 
strated by arranging the spheroid in an elecla’ic circuit, in 
wliich tliere is also an electric bell. 

For iliis purpose a platinum dish or capsule is connected hy 
a wire to one terminal of a small battery. A platinum wire 
held in a clamp is lowered down until its end is witliin 2 milli- 
metres of the bottom of the dish ; this wire is connected through 
an electric bell to tbe other teianinal of the battery. The dish 
is made hot and two or three drops of acidulated water (sul- 
phuric acid) are carefully intro- 
duced with a pipette. So long 
as the water remains in the 
spheroidal state, no contact 
with the dish results, and the 
circuit still remains open. On 
withdrawing the lamp and 
allowing the dish to cool, the 
spheroid breaks down and wets 
the disli, so closing the circuit 
and causing the bell to ring. 

Care must be taken that the 
wire is so near to the dish, that when tbe drop of water (which 
will be considerably diminisbed by evaporation) flattens itself 
doNvn upon the dish, as the latter cools, the wire will still be 
dipping into the liquid. 

87, To show the maximum density of water.^ A piece of thin 
glass tube is closed at one end like a test tube, and di'awn out 
to a small neck at the other. The tube should be capable of 
holding about 100 cubic centimetres. Into the neck is fitted a 
straight piece of thermometer tube, the neck being made of 
such a size that the thermometer tubq^ with a small piece of 
caoutchouc tube over it can be firmly squeezed in. In this way 

* See Table III, in the Appendix. 


Fig. 46. 
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will be obtained wliat may be regarded as a thermometer with a 
very large bnlb. In order to compensate as far as possible for 
the erpansion and contraction suffered by the glass in the course 
of the experiment, a quantity of mercury is introduced into the 
bulb, the volunfe required being calculated from the co-efficients 
of expansion of glass and mercury. For a vessel of a capacity 
equal to 100 cubic centimetres, 13 cubic centimetres of mercury 
will be required. The bulb is then completely filled with 
water and the stem inserted. The whole is then placed in a 
vessel of water, at about 7° or S^'C., until its temperature has 
reached that point. The apparatus is placed in front of the 
lamp, so that the water in the stem is within the field, and an 
image of the stem thrown upon the screen, alongside of a 
vertical scale. Should the water in the stem not be standing at 
a convenient height, it can be brought to any desired point by 
screwing the stem slightly in or out of the neck of the bulb. The 
vessel of water is then replaced by one containing finely broken 
ice. The contraction which follows will be indicated by a receding 
movement of the water in the stem ; in a few minutes this move- 
ment will stop, and the liquid will be seen to again expand. 

The experiment may be performed in the reverse way. The 
water may be cooled to O^'O. by the bulb being immersed in 
ice for some time, and the ice replaced by water at about 
8^0., when the first effect of the warmer water will be to 
cause a contracbion in the volume of the water in the bulb. 
The water used should be only a very few degi’ees above the 
point of maximum density, or the expansion of the glass will 
make itself felt before that of the mercury, and the compensating 
effect of the latter will be lost. 

88. This may also be demonstrated by means of a float. A 
small float is blown out of thin glass tube, having for its stem 
an extremely fine rod of glass, about the thickness of an ordinary 
pin. The float is so weighted with a drop of mercury that 
when placed in water at 0°0. it floats five or six centimetres 
below the surface, and with about the same length of stem 
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projecting above the water. The weight of the apparatus may 
fj'e finally adjusted by either snipping a piece of the stem off, 
or by fusing a little piece on. The float is placed in water 
contained in a test tube which is supported in front of the 
lamp, and an image of the point of the stem projected upon 
a vertical scale placed against tlie screen. The test tube is 
then surrounded witli crushed ice contained in a beaker, until 
the temperature has fallen to 0°0. On removing the ice and 
carefully replacing it by a beaker of water at about 8°0. without 
disturbing the float, the latter will be seen slowly to rise until 
a maximum is reached, and then to fall again. Great care 
must be taken that the float does not touch against the sides of 
the vessel, or its movement will be altogether stopped. The 
experiment is a little critical. 

89. To show the high specific heat of water ; comparison with 
mercmy. This may be done in a calorimeter, and the effect 
shown upon the screen. A convenient apparatus may be 
arranged by cutting the narrow limb from a small Bunsen’s 
calorimeter, and replacing it by a piece of flat-bore thermometer 
tube, which may be counecfced to the bulb by a piece of 
caoutchouc tube 5 or 6 centimetres long. The bulb is filled 
with water, which may be coloured slightly with aniline blue to 
render it more visible in the stem, an image of which is thrown 
upon the screen. The height of the water in the stem can be 
brought to any convenient point by screwing the rubber con- 
nection farther on or off the glass tube. Equal weights 
(10 grams is convenient) of mercuxy and water are placed in 
test tubes and heated in a beaker of boiling water. On pouring 
the hot mercury into the calorimeter, only a small expansion 
will be noticed, but on adding the water, the expansion will 
cause the image of the liquid to go right across the screen. The 
mercury should be introduced the water, and it may 

either be left in while the water is add^, or it can be tipped 
out without disturbing the stem, owing to the flexible con- 
, nection. 
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90. To show the expansion of water on freezing. This majr 
be done by means of a similar apparatus to that described for 
showing the maximum density. The bulb, which for this 
purpose may be much smaller, is immersed in ice-cold water, 
and an image of the stem and the liquid projected on the screen. 
The ice water is then replaced by a freezing mixture, and almost 
immediately the expansion will be manifest. 

91. This experiment is perhaps more strikingly shown by 
using a small Bunsen^s ice calorimeter, with a moderately fine 
stem, and of such a size that the bulb and stem will fall within 
the field of the lantern lens. The apparatus is completely 
filled with water, which must stand at such a height in the 
stem that its movements will be well within the field. About 
5 cubic centimetres of other are placed in the inner tube of the 
calorimeter, and a few fragments of solid carbon dioxide added. 
Ice rapidly forms, as a thimble, round the closed end of the 
inner tube, and each addition of a little piece of the solid carbon 
dioxide is accompanied by an immediate further expansion. If 
a small sponge attached to a wire is pushed "into the tube, the 
ether may be quickly mopped out, and on pouring in a small 
quantity of warm water, the ice will be seen to melt, and the 
consequent contraction will be evident. 

It is not necessary to cool the water in the apparatus before 
the experiment, and doing so is liable to cause moisture to 
deposit on the outside, and so obscure the image. 

92. By causing the expansion to hurst the vessel containing 
the water, A small iron bottle (sold by instrument makers 
for the purpose) is completely filled Avith water, which has been 
recently boiled, and then cooled. The plug is then fomly 
screwed home. The bottle is then buried in a freezing mixture 
contained in a wooden bowl, and covered over with a cloth or 
wooden cover. After a short interval the bottle will burst, 
with a dull thud, and may then be withdrawn. 

Occasionally these bottles have been known to burst with 
great violence, and fly with considerable force to distant paa4s* 
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of the room, hence tlie desirability of coyering the bowl. This 
‘i>X|)lusive bursting only takes place, however, when the bottle 
lias not been completely filled with water ; if care be taken to 
avoid inclosing any air when the plug is screwed in, the burst- 
ing of tlie vessel will not be attended with any wolence. 

93. The longitudinal fracture which usually results from 
this bursting, may be illustrated by bursting a piece of ^ compo ’ 
pipe. A piece of such pipe has one end closed by flattening it 
with a hammer and turning the flattened part back upon itself. 
The other end is nearly closed np, the pipe filled with water, 
and the opening hammered together. When such a pipe so 
filled with water is placed in the freezing mixture it will be split 
along the side. 

A glass tube filled with water and hermetically sealed will 
also sliow this effect well. The glass tube should be simply 
laid upon the freezing mixture, so that it can be removed after- 
wards without being disturbed. 

94. To show the supercooling of water and rise of temperature 
on solidification. ‘ The apparatus required consists of a ther- 
mometer, tiie bulb of which is inclosed in a larger glass bulb, 
nearly filled with water, and rendered vacuous. To li© stem of 
the thermometer is attached a fiat glass graduated scale, so that 
an image of the scale and the thread of mercury may be thrown 
upon the screen. 

The apparatus may be made in the following wayd A 
thermometer, known as a ^ paper scale thermometer/ is taken, 
ill© special point about this particular thermometer is that 
its real stem is an extremely small glass tube, which is in- 
closed in a wider glass tube, in which a paper scale is fixed. 
The outer tube is cut off at a point about 8 centimetres above • 
the bulb by scratching with a file at that spot, and touching 
with a red-hot point of glass, and the scale removed (fig. 47). 
A piece of wide glass tube closed at^one end is di’awn out at 
the other to a slightly conical neck, the opening being of such 
‘ Tho complete apparatns may be obtained from F. Muller, Bonn. 
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t a size tliat the outside tube of the thermometer stem with a 
piece of thin caoutchouc tube stretched over it may be tightlj 
squeezed into it. Upon the shoulder of this tube, near the 
neck, a small side opening is made (fig. 47) by directing a fine 
blow-pipe flame upon it, and drawing out the glass by means of 
a piece of platinum wire. (See Exp, No. 60.) 

This tube, which may be about 10 centimetres long, is 
about three parts filled with distilled water, and the thermo- 
meter pushed into it until the bulb is about 1 centi- 
Eia. 47. niQtre from the bottom. The water is then carefully 
boiled, and as the steam issues frpm the small side 
orifice the point is sealed by means of a fine blow- 
pipe flame. A flat strip of thin glass about 4 centi- 
/f metres long is laid upon the paper scale which was 
I !' taken from the thermometer, and the graduations 
I traced upon the glass with a writing diamond (or 
[ " i I they may be etched with hydrofluoric acid). 

I J The apparatus is placed in broken ice for about 
I half an hour, and while there the scale may be 

( attached to the fine stem by means^ of a small touch 
of cement, the zero of the scale being made coin- 
cident with the point at which the mercury is stand- 
ing. The apparatus is now ready for use. It is held 
by a clamp in front of the lamp, and an image of the stem 
and scale thrown upon the screen. The bulb is then placed 
in broken ice until the thermometer registers 0°0. The ice is 
then removed, and a freezing mixture at about —10^ substi- 
tuted until the thermometer has fallen to about —8® or —9°. 

By the application of freezing mixtures of successive degrees 
of cold, the temperature of the water may be lowered —12° or 
even — 15°0. without solidification taking place, the important 
point being to apply the cold in stages, as the sudden applica- 
tion of a very cold mixture invariably determines the solidifica- 
tion of the water. Thq, lower the temperature to which the 


water is reduced the more critical it becomes, so that a slight 
shock will often cause it to freeze; but at about —8° to —10° 
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the water may be shaken even fairly roughly without its ^ 
l/ecoming solid. In performing the experiment it is best not 
to take the temperature below about —9°, and, instead of 
endeavouring to solidify it by shaking it (which is not only 
uncertain, but disturbs the image on the screens so much that 
any movement of the mercury in the thermometer is rendered 
invisible), it is best to apply a freezing mixture at about 
— 20® or lower, when ice instantly forms, and the mercury rises 
to the Kero. 

The freezing mixture most commonly used is ice and 
common salt, wliich, without any special care in the prepara- 
tion, will give a temperature of —18° to — 20°O. By far the 
most convenient mixture for lecture purposes, where as little 
loss of time as possible is a desideratum, is made by adding to 
crushed ice about an equal volume of crushed crystallised 
chloride of calcium, This mixture when roughly made will 
give a cold of —28® to — 30°O, The materials on mixing imme- 
diately become liquid ; the mixture, therefore, is more easily 
manipulated, and tubes and objects immersed in it, coming 
more uniformly into contact with it, are much more quickly 
cooled than in the nearly solid mixture of ice and salt. To 
bring the temperature of the mixture up to any deshed point 
small quantities of water may be added until a thermometer 
registers the desired temperature. 

06. To show that water boils at lower temperatures when 
under reduced pressure. A large round-bottomed flask about 1-J- 
litres capacity is tightly fitted with a caoutchouc cork carrying 
a stopcock, About half a litre of distilled wat-er along with 
two or three scraps of platinum are put in the flask and heat 
applied. When the water boils, the lamp may be removed, and 
the flask attached to a. small exhaust pump. Each stroke of 
the pump will be followed by renewed vigorous ebullition of the 
water. 

• 

96. The reduction of pressure may also be effected by cool- 
ing the flask, The water is first boiled briskly to expel the aii 
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from the vessel ; tlie lamp is tKen withdrawn and the cock 
closed. On applying a wet sponge to the upper part of the 
flask j condensation of the inclosed steam takes place, resulting 
in a partial vaciium, and the water is seen to boil vigorously at 
each application of the cold sponge. 

97. This same phenomenon is well seen in the following 
experiment^ viz., the freezing water by its own evaporation in the 
^ Oarr§ ^ freezing machine. The apparatus consists essentially of 
an air-pump and desiccating chamber, and is so arranged that 
the air as it is withdrawn from the vessel to be exhausted is 
made to pass over a layer of sulphuric acid contained in the 
desiccator. 

As full and minute directions are always supplied with the 
machine, only a few hints will be necessary. The water to be 
frozen is placed in a decanter-shaped bottle, which should be 
filled only to a depth of about 2 centimetres. While exhausting, 
it is well to disconnect the lever which moves the stirrer until 
the gauge shows a pressure of about 2 millimetres ; the stirrer 
may then be gently worked by hand, avoiding splashing, when 
the water will enter into violent ebullition, and in a few moments, 
and without further pumping, will solidify. The sulphuric acid 
should be put in fresh each time the machine is used, or, at 
most, not allowed to remain in longer than a few days. 

The pump must be in such a working condition that it is 
capable of reducing the pressure to 1 millimetre. After charging 
the apparatus with acid, it is therefore well to close the cock com- 
municating with the decanter, and ascertain if this degree of 
exhaustion is obtainable ; if not, it is useless to attempt the 
experiment of freezing the water, although it may be made to boil* 

98. To fi’eeze water by its own evaporation, using an ordinary 
air-pump. This experiment may be beautifully shown in the 
following way, by means of any aii'-pump capable of exhausting 
to within 2 or 8 millim/^tres. 

For this purpose a tall bell-jar (about 60 centimetres high), 
with a wide naouth at the top, is fitted with a caoutchouc stopper 
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wit/h three liolea. Into one hole is fitted a stoppered dropping 
mnnel, the end of which is cut off (about 5 centimetres below 
the caoutchouc) at an acute angle, and to which is tied a small 
piece of lamp cotton. Into the second hole is passed a stout 
glass rod, or a piece of tube closed at the ends, passing to \vithin 
2 or 3 centimetres of the bottom of the bell-jar ; the hole for 
this tube need not pass more than about half 
way through the caoutchouc, the tube being 
pushed in from the under side. Round this 
tube is wound, as a spiral, a thick thread of 
asbestos, obtained by unravelling a piece of 
asbestos cloth. The thread may be secured 
at the top aud bottom of the tube by means 
of a bind of tliin platinum wire. Into the 
third hole a similar funnel tube to the first is 
fitted, but with its end drawn out to a fine 
tube aud bent at an obtuse angle so that the 
point just touches the long tube. 

The bell-jar with its fittings is placed upon 
the plate of an air-pump, over a shallow glass 
basin nearly as wide as tlie boll-jar. A smaller 
glass basin, standing on a wire triangle over 
the larger one, is i3laced immediately under 
tlie suspended cotton wick. The funnel with 
the drawn-out end is filled with concentrated 
sulphuric acid ; the other funnel being filled 
with water. The bell-jar is then exhausted, aud when the pres- 
sure has reached about 3 millimetres, two or three drops of 
water are allowed to enter from the funnel, so as to wet the 
cotton wick ; airy water which falls will be received in the small 
basin. A gentle stream of sulphuric acid is next allowed to. 
enter, and it will flow round and round the tube, upon the 
spiral of asbestos, thereby presenting a large surface of acid. 
The drop of water upon the wick will ajmost immediately freeze ; 
water is then cautiously admitted at such a rate that each 
drop, as it runs over the already formed ice, congeals, By 


Fig. 48, 
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carefully regulating the supply of acid and tbe rate of admission 
of water, the whole of the latter may he frozen as it enter^ 
forming a beautiful icicle, which can be obtained 20 or 80 
centimetres long and several centimetres thick. The longer 
the icicle becomes the more readily does the incoming water 
freeze as it runs over it. At the beginning of the experiment a 
little care is necessary to so regulate the freezing (by controlling 
the flow of both the acid and the water) that the ice does not 
form in the stem of the funnel, and so stop the ingress of more 
water. Should this happen, the flow of acid should be stopped, 
and a beam of the electric light concentrated on the ice for a 
few moments, or a vessel of hot water may he held near to the 
glass. 

99. By a slight modification of the experiment the air-pump 
may be entirely dispensed with, and a vacuum obtained without 
its use. In this case the tube upon which the asbestos is wound 
is open at the bottom, passing through the cork, and ending 
above in a stopcock. A Wurfcz flask, of about ^00 c.c. capacity, 
is fitted with a caoutchouc stopper carrying a small dropping 
funnel, whose stem reaches nearly to the bottom. The branch 
tube of the Wurtz is bent over so that it may be attached to the 
stopcock upon the long tube. This joint must he wired. The 
bell-jar is placed upon a stout piece of plate-glass, instead of 
the air-pnmp plate, and a stream of ammonia gas passed through 
the entire apparatus. The ammonia is admitted through the 
funnel which is destined to supply the water (b, fig. 49), and 
it passes out by means of the long tube reaching to the bottom 
of the receiver, through the Wurtz flask, and may be conducted 
into a vessel of water. Pieces of glass tube, drawn to a taper, 
with short pieces of caoutchouc slipped over them, may be 
fitted into the tubnlure of the funnels, in order to pass the 
ammonia in and out. When the air is all expelled, which is 
ascertained by noting how the escaping gas is absorbed in the 
water, the stopcock of funnel o is opened for a few seconds, in 
order to sweep out any air remaining in the stem of this funnel, 
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Fig. 49, 


and again closed. Tiie apparatus being now completely filled 
With ammonia the stopcocks are all closed, and the ammonia 
generator disconnected. Funnel b is filled with water, and c 
with concentrated sulphuric acid. 

The next step in the operation is to absorb* the ammonia, 
which is effected by means of sulphuric acid, and the absoi’ption 
is performed in the Wurtz flask. 2 or 8 cubic centimetres of 
acid, previously diluted with about its own volume of water, are 
allowed to enter by the small funnel D. It is necessary to 
dilute the first portion of acid in this way, or the stopcock would 
be instantly blocked up with sulphate of ammonia ; but, after 
the first few drops have passed in, 
the funnel may be filled up with 
strong acid. The ammonia in the 
flask is almost instantly absorbed, 
and on opening the cock A, the gas 
within the bell-jar is rapidly drawn 
out, and in a short time, by the 
gradual admission of the acid into 
the Wurtz, the whole of the ammonia 
is absorbed. A small mercury gauge, 
previously placed in the bell-jar, will 
enable the experimenter to see the 
extent to which the pressure is being 
reduced. When a suflSciently good 
vacuum is obtained the stopcock a maybe closed, and the Wurtz 
flask removed. Any minute traces of ammonia still present will 
be instantly absorbed on the first introduction of acid from funnel 
0 in the process of the experiment. If more than traces of 
ammonia are left in the bell-jar when the acid from 0 is passed 
in, fumes of ammonium sulphate will be formed, which will 
deposit on the glass and obscure the experiment, and so defeat 
the whole object of conducting the absorption outside the 
bell-jar. * 

The experiment is then praceeded >yith exactly as described 
in Ho. 98. 
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100. The freezing of water by its own evaporation may also 
be shown in an ordinary cryophorus. The apparatus consists o^f 
a long glass tube with a bulb at each end ; it is partially filled 
with water, completely exhausted o£ air and hermetically sealed. 
The tube is so bent that one bulb can be conveniently immersed 
in a freezing mixture, while the water is mostly contained in 
the other. In a few minutes the water will be seen to become 
cold by the deposition of dew on the outside, and in a short time 
ice will form on the surface of the water. If the water that 
distils into the cooled bulb does not at once freeze, the apparatus 
should be gently shaken, but afterwards it should be allowed to 
remain undisturbed. 


101, To illustrate the fact of cold being developed by evapora- 
tion. The bulb of an air thermometer is tied up in a thin mus- 


Fig. 60 . 



lin bag and immersed in water, and the position of 
the liquid in the stem noted. The bulb is removed 
and a stream of air from a small foot-bellows pro- 
jected against it, when the effect of cold will be seen 
by the movement of the liquid in the stena. An air 
thermometer 'is conveniently made by connecting a 
thin glass bulb to one limb of a tall U tube contain- 
ing coloured water, by means of a piece of caout- 
chouc tube about 10 centimetres long. A side tube 
(fig. 50) should be attached to the apparatus, which 
can be closed by a pinch-cock, so that the levels of 


the liquid in the two limbs can be adjusted at any tempera- 


ture. 


102, A small quantity of a volatile liquid (benzene, carbon 
disnlphide, ether, &c.) is placed in a little flask and corked. This is 
stood on the face of a thermopile which is attached to a galvano- 
meter, and the position of the needle noted ; on pouring a drop 
or two of the liquid from the flask upon the pile, an instant 
deflection in the dii-ectiqn of cold takes place. 


103. About 20 cubic centimetres of ether are placed in a 
small flask, which is stood upon a wooden block upon which a 
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few drops of water have been poured. A streani of wind from 
afoot-bellows is blown through the ether and in a few momenta 
the water will be frozen, and the flask will be firmly cemented 
to tlie block. (See also Sulphur Dioxide, Exp, 509 ) 

• 

104, To show convection currents in water. This may be 
upon the screen by pouring into some water, contained 

tu a narrow cell in front of Ihe lamp, a small quantity of a mix- 
ture of carbon disulphide and pavafiiii oil. This mixture is 
made to have the same density as water, so that on stirring with 
a glass rod the small oily globules will remain suspended 
throughout the body of the water. Heat is applied near to the 
bottom of the cell by sending a ciuTont 
from about ten Grove's cells through a 
short platinum wire which connects two 
stout copper wires, and the currents set 
up in the water will bo rendered evident 
by the movement of the oil globules. 

15 cubic centimetres carbon disulphide with 17 cubic centi- 
metres paraffin will be found to be very nearly what is required 
to yield a mixture with the same density as water, with average 
samples of paraffin oil. 

Sometimes sawdust, or other light solid substances are em- 
ployed, but not with so good a result as the liquid globules ; 
still less advantageous is it to indicate the current by means of 
soluble colours, as in this case the whole mass of water is rapidly 
reduced to a uniform tint. 

105. To show that water is a bad conductor of heat. A 
fragment of ice is weighted by twisting a small piece of lead wire 
round it, and placed at the bottom of a test tube nearly filled 
with ice-cold water. The tube is then held over the flame of a 
Bunsen so that the water at the top is being heated ; in this way 
the Buiface water may be boiled without ihe ice becoming visibly 
diminished. The water may be quickly emptied out and the 
piece of ice thrown on to a plate. 
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106. To show the formation, of ‘ ice flowers.’ A slab of ice 
(about 2^ c.m. thick) as clear and free from bubbles as possible, 
is sawn from a block. The slab must be cut parallel to the 
plane of freezing, which is ascertained by the direction in which 
the streaks of air bubbles lie in the block. The slab is supported 
in a converging beam from the electric lamp, and an image of 
it projected upon the screen. In a few moments, as the warmth 
from the lamp is felt by the ice, a number of star-shaped 
‘ flowers ’ make their appearance which will gradually increase 
in size as the ice continues to melt. 

107. To show the effect of pressure upon the freezing-point of 
water. A large block of ice is supported on a stand and a fine 
steel wire slimg over it, To the wire are attached heavy weights 
(about 10 kilos, or 21 lbs. will be found convenient), and it will 
be seen that the wire will slowly cut its way through the block, 
the ice melting in front of the wire owing to the pressure, 
and freezing again behind it as the pressm’e is released. 

108. Two smooth slabs of ice may be pressed together by the 
hands, when they will be seen to adhere firmly to each other. 

109. A striking way of showing this is to float three or four 
small fragments of ice in water contained in a flat-bottomed 
glass cell, and to project an image of them upon the screen, 
using the horizontal projector (see Lantern Illustrations). By 
means of a thin wire the floating pieces of ice may be made to 
bump gently against one another, when they will be seen to 
adhere at the points of contact. A string of them may be so 
joined together and drawn round the cell by the wire. 

The same effect may be shown by floating lai’ger masses of 
ice in a large trough or tank of water. 

110. The solvent action of water upon solids.' To show 
different degrees of solubility, using as an example potassium 
chlorate and magnesium sulphate, 100 cubic centimetres of 
water are placed in two small flasks ; to one is added 5 grams 
^ See Table IV. in the Appendix. 
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of finely powdered potasBium chlorate, and to the other 90 grams * 
nf magnesium sulphate similarly powdered. The flasks are 
corked, and the contents agitated. In a few minutes the whole 
of the salt in each case will be dissolved. A small quantity 
more of each salt may be added to its respective flask to show 
that the water is saturated. 

111, To show increased solubility with rise of temperature. 
The flask containing the chlorate (Bxp. 110) is warmed, and a 
further quantity of the salt added in small quantities, until 
a hot saturated solution is obtained : on cooling, or on pouring 
a small quantity of the solution into a cold beaker, the deposition 
of the excess of salt may be shown. 

112 , To show the formation of crystals upon the screen. The 
salts wliich may he used with advantage are ammonium chloride, 
and potassium ferri cyanide. Cold saturated solutions are made, 
which are best used unliltered, as minute particles of foreign 
matter form nuclei for the crystals to start from. A quantity 
of the solution is poured over one side of a clean glass plate, 
which is then placed in the microscope. After a few moments, 
wlien evaporation has proceeded a little, crystals begin to 
deposit, and grow in beautiful forms across the screen. It is 
essential that the glass plates nsed should be perfectly clean, or 
the solution will runoff the surface in streaks ; the best method 
for cleaning them is to rub the surface with a wet cloth, and a 
sprinkle of finest waslied emery powder, rinse them in distilled 
water, and place them, in a dish of water until required. They 
are then taken out, one side only wiped dry with a clean cloth, 
and the solution of the salli poured upon the vjet aide^ the excess 
of the solution being allowed to run off without getting upon 
the dry side. (See p. 325.) 

113 , To show the production of cold on solution of a salt in 
water. For this purpose ammonium sulphocyanate is a con* 
venient salt. 20 grams of the salt are thrown into a small flask, 
placed upon a block of wood upon which a drop or two of water 

F 
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has been poured; 26 cubic centimetres of water are poure^ 
upon the salt; and the contents gently shaken round, the flask 
being still upon the wetted block. In a few moments it will 
have become frozen to the block. The temperature produced 
by the mixture of this salt with water in these proportions is 
- 13 ^ 0 . 

114. To show supersatoration. 500 grams of sodium sul- 
phate are placed in a flask, and 200 cubic centimetres of water 
added. The flask is placed in a water-bath, and gently warmed 
until the salt is entirely dissolved. The mouth of the flask 
may either be tied over with parchment paper, or a plug of 
cotton wool may be placed in the neck, and a piece of paper 
folded over the month. When perfectly cold a crystal of the 
salt is dropped into the solution, and the mass will solidify. 

The rise of temperature which accompanies the crystallisa- 
tion may be demonstrated by placing the face of a thermopile 
against the flask ; or it may be shown by dipping into the flask 
a tube containing a mixture of triethyl amine and water, which 
will be rendered milky. (See Exp. 129.) 

The phenomenon of supersaturation may also be illustrated 
by using sodium thiosulphate (sodium hyposulphite). A 
quantity of the salt is placed in a flask which is heated in a 
water-bath. The salt melts in its own water of crystallisation, 
and no addition of water is necessary. 

116. To show decrease of solubility by increase of tempera- 
ture. A convenient salt for this purpose is calcium citrate. A 
strong solution of ammonium citrate is made by dissolving 
20 grams of citric acid in 25 cubic centimetres of water, and 
adding strong ammonia solution (*880) until the mixture is 
neutral to test paper (approximately 15 cubic centimetres of 
the ammonia will be requfred). A solution of calcium chloride 
is made by dissolving 40 grams of the crystallised salt in 
40 cubic centimetres Of water. Equal volumes of these two 
solutions are mixed in the cold. The precipitate which appears 
at first on adding one solution to the other rapidly dissolves on 
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slightly shaking the test tube. On dipping the test tube into 
boiling water for an instant , a precipitate of calcium citrate 
forms in contact with the warm glass ; on shaking, this again 
disappears. This phenomenon may be repeated two or three 
times. On leaving the tube in the hot water for a few moments 
the contents become perfectly solid, so that the tube may be 
inverted. Solutions of the above degree of concentration when 
mixed will gradually deposit the calcium citrate even in the 
cold, BO that they must only be mixed when required. 

116, To show the loss of water of crystallisation at ordi- 
nary temperatures. A number of crystals of sodium carbonate 
or sodium sulphate may be placed upon a clock glass standing 
over a dish of strong sulphuric acid, and the whole placed 
under the receiver of an air-pump, and the air exhausted, In 
the course of a few minutes the crystals will be seen to be 
rapidly efflorescing, and becoming opaque white. 

- 117. To show the abstraction of water of crystallisation by 
sulphuric acid. A crystal of copper sulphate is suspended by 
means of platinum wire in a beaker containing strong sulphuric 
acid. The crystal almost immediately loses its blue colour, 
being covered over with nearly white anhydrous salt. If a 
large crystal be employed, and only partially immersed in the 
acid the contrast is more strikingly seen. 

118, To show the loss of water of crystallisation by heat. 
Copper sulphate heated in a platinum dish loses water, and is 
converted into a nearly white powder. 

119, A dilute solution of cobalt chloride, brushed upon paper, 
when dried and warmed, turns blue. 

120, A solution of cobalt iodide, obtained by adding potas- 
sium iodide to cobalt chloride, when dried upon paper becomes 
of a brilliant green. These solutions may be employed to colour 
designs, the shades of pink given by the chloride and iodide 
being changed to blue and green when the design is exposed 
to heat. 
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121, A solution of magnesium platino-cyanide (a scarlet 8a]t 
whict dissolves in water to a colourless solution) evaporated to 
dryness in ' a porcelain dish deposits the red salt, containing 
seven molecules of water. If the dish he gently warmed, the 
salt loses a molecule of water, and becomes of a brilliant yellow 
colour. On still further heating, the salt loses four more mole- 
cules of water, and becomes white. To make this experiment 
effective, the dish must be carefully cleaned with fine washed 
emery (see Experiment 112) and three or four cubic centimekes 
of the solution of the salt poured in while the dish is still 
wet. The dish is then warmed over a flame, and the solution 
run over the surface constantly, so as to obtain a thin film of 
the salt coating the entire dish (see Experiment 121). 

122 , The re-hydration of salts, from which the water has 
been removed. Dry copper sulphate may be sprinkled upon a 
piece of moistened filter paper placed upon a white glazed tile, 
or on a white plate. The white powder is instantly turned 
blue. 

123 , A solution of cobalt chloride in alcohol, which is of a 
deep bluish-green colour, when mixed with water becomes pink. 

An alcoholic solution, to which just enough water has been 
added to turn it pink, when warmed, will again become blue. 

124 , A dish prepared as described in Experiment 121, if care- 
fully covered with a glass bell-jar, may be alldwed to go cold, 
and the salt preserved in the white condition for some little time. 
If the dish now be gently breathed into, the entire mass will be 
instantly turned red. 

125, The solvent action of water upon liquids, A quantity 
of water and ether may be shaken together in a stoppered 
bottle, and the two liquids separated by means of a separating 
funnel, the lower aquecfiis liquid being received into one bottle, 
and the upper and ethereal layer in a second. To show that 
the water has dissolved some of the ether, a quantity of the 
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aqueous solution is placed in a small flask fitted with a cork 
carrying a straight piece of glass tube. On gently warming 
the solution, ether vapour will he evolved, and may be ignited 
as it issues from the tube. 

* 

126. A strilving way of showing the presence of the dis- 
sohed ether is to place aome of the solution in a test tube, and 
immerse it in a freezing mixture until it is entirely frozen. 
The solid mass is removed from the test tube by clipping the 
tube for an instant in warm water. If this rod of ice be stood 
up on end upon a block, and a lighted taper applied to the top 
of it, it will inflame and continue braining until the ice has 
entirely melted. 

127. The ethereal solution obtained above may be shown to 
have dissolved water by pouring a small c[uantity of it into a 
dish containiLig magnesium plalino-cyanide, which has been 
heated until it has become white (see Experiment 121). The 
white salt will immediately re-hydrate itself at the expense of 
the water present in the ether, and become converted into the 
scarlet salt. 

128. To show increased solubility of a liq[uid in water by 
rise of temperature. Phenol (carbolic acid) is a convenient 
liquid to employ. 

Two or three cubic centimetres are poured into a test tube 
of water, and the mixture shaken together, so as to produce a 
milky solution. On dipping the test tube in warm water the 
solution will become clear, and, on again cooling, the milkiness 
at oncG reappears. 

129. To show decrease of solubility of a liquid in water by 
rise of temperature. Equal volumes of triethylamine and water 
are mixed together, and the mixture slightly cooled ; in a few 
moments complete solution takes place. On immersing the 
tube, containing this solution, into warm water, an instant 
turbidity is produced, owing to the diminished solubility. The 
mixture in the proportions given is extremely sensitive; at 
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20'’0. it begins to show a distinct milkinesa. The warmth of 
the hand is sufficient to cause a copious turbidity. 

A quantity of this liquid sealed up in a glass tube con- 
stitutes a very convenient means for showing a slight rise of 
temperature (see Experiment IM). Mixtures of water and 
triethylamine in different proportions may be made, which 
require different degrees of temperature to cause the turbidity 
to appear. 

130. To show the effect of pressure upon the solubility of 
liquids in water, A small quantity of the solution of triethyl- 
amine in water, as made above, is introduced into one of the 
compression tubes of a Oailletet apparatus (see Liquefaction 
of Gases). The tube may be supported by a clamp, as shown 

in the figure, and nearly filled with 
mercury by means of a thistle fun- 
nel drawn out and bent at the end. 
Four or five cubic centimetres of the 
solution are introduced in the same 
way, to completely fill the tube, 
leaving as little air as possible. By 
covering the end of the tube with 
the thumb, and involuting it, and 
gently bumping the hand down upon 
the table, the whole of the solution 
will be obtained in the capillary por- 
tion of the' tube. The tube is then 
secured in the steel bottle of the 
Oailletet apparatus, and is surrounded with water at such a 
temperatoe as to cause the turbidity just to begin to appear. 
On then subjecting the contents of the tube to a pressure of 
from 20 to 50 atmospheres, the liquid becomes clear, and on 
releasing the pressure it once more becomes turbid. An image 
of the tube may be projected upon the screen. 

Note. — The effect of pressure upon the solubility of one 
liquid in another may be illustrated by various mixtures, 
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e.(/. glacial acetic acid liaa added to it a small quantity of 
Cjarbon disulphide, drop by drop, forming a clear solution. On 
the addition of a few drops of water the solution becomes turbid; 
by adjusting the solutions a mixture may be obtained, which is 
clear at the ordinary temperature, but which on cooling to a 
particular degree will become turbid. If this solution be 
exposed to pressure, when the temperature is maintained just 
above the critical point — Le. the point at which it begins to 
become turbid — a pressure of about 50 atmospheres will cause a 
turbidity. In this case the effect of pressure is to decrease the 
solubility. 

If absolute alcohol be mixed with half its volume of water, 
and chloroform added, the latter liquid is at first entirely 
dissolved : when nearly as much chloroform has been added 
as there is water present, the liquid becomes turbid. On 
warming the mixture it clarifies, and on allowing it to cool it 
linally separates into two layers. If the warm solution be 
introduced into the compression tube, and there allowed to 
cool and separate into two layers, it will be found that the two 
liquids are affected by pressure in opposite directions. 

The tube is cooled until the bottom layer just begins to 
show turbidity, the upper layer remaining clear, and a pressure 
of about 150 atmospheres applied. The lower turbid liquid 
becomes clear, and the upper clear solution becomes turbid; 
on releasing the pressure the solutions return to their former 
condition — that is, the upper liquid clarifies, and the lower one 
again becomes turbid. 

131. The solvent action of water upon gases.^ A glass globe 
with a long neck may be filled with either ammonia or hydro- 
chloric acid gas by displacement ; during the fillings the escaping 
gas should be passed into water, in order that the degree of 
purity of the gas may be seen by the completeness of the 
absorption that takes place. 

When the globe is full it should be securely corked up, 

* See Table VII. In the Appendix. 
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and if tlie corked end be stood in a vessel containing a little 
mercuiy it may be kept any length of time until required. 
The cork is withdrawn under water in a large trough or basin 
(the water may be coloured with litmus), and the neck of the 
flask firmly held, for as soon as the water enters the globe it 
rushes up with a considerable shock. Unless the globe is fairly 
strong it should not bo completely filled with the gas, or there 
is some risk of the nprush of water fracturing it. 

A short-necked globe may be employed, 'fitted with a good 
india-rubber coik carrying a narrow glass 'tube reaching to 
within about six centimetres of the top of the globe. The water 
will in this way be forced up as a jet or fountain, and the pro- 
cess of absorption will not be so violent. 

In order to start the absorption by getting the water to rise 
in the tube, it may be necessary to cool the globe by pouring 
upon it a few drops of ether. 

132. This experiment may be shown on a smaller scale by 
filling a cylinder with either of the gases named, and opening it 
under water. The mouth of the cylinder musu be covered with 
a thick glass plate, made of plate glass, for if a thin plate be 
used the moment it is shifted so as to admit the first drop of 
water the force of the inrushing water will certainly fracture 
the plate and the glass is liable to cut the hand of the operator. 
A stoppered vesfeel must not be used. 

133. To show the solubility of a less soluble gas, such as 
chlorine or sulphuretted hydi*ogen. A stoppered cylinder is 
filled with the gas, and a small quantity of water introduced ; 
this is well shaken up with the gas, and the cylinder opened 
under water. A quantity of water will be seen to enter. This is 
again agitated with the gas, and the cylinder again opened. In 
bhi'ee or four operations the whole of the gas will he absorbed. 

134. To show the effect of pressure upon the solubility of a 
gas in water. Two glass tubes about 1 metre long and 18 
millimetres bore, closed at one end, are connected by means of 



SOLUBILITY OB GASES IN WATER 


73 


a T piece and flexible tube to a mercmy reseryoir (fig. 53). 
Care must be taken to select glass tubes of fairly nniform bore 
tliroiiglioiit. One of tbe tubes is filled with air, the other 


contains a short column (about 60 
millimetres) of water which has been 
saturated with ammonia, and the tube 
is filled with ammonia gas. The cork 
carrying the air tube is fitted with a 
stopcock, so that air may be intro- 
duced or withdi’awn as may be neces- 
sary to adjust the levels of the liquid 
in the two tubes. The level of the 
mercury in tlie air tube should be made 
to coincide with the upper surface of 
the water in the other tube when the 
liquids are down at the lowest division 
marked upon the scale behind the 
tubes. 

Both corks should be securely wired 
into the tubes, which for this purpose 
should be slightly ^ lipped * at the edges. 

On raising the reservoir so as to 
put a pressure of one atmosphere upon 
the two gases, indicated by the mer- 
cury in the air tube rising to the divi- 
sion marked half-way up the scale, it 


JlQ. 53 . 



will be seen that the volume of ammonia gas in the other tube 


is reduced to less than half the original amount owing to 


additional solution in the water under the increased pressure. 
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HYDROGEN PEROXIDE. H2O2 

^ J^OIiMATION 

136. By the action of carbon dioxide upon barium peroxide. 
BaOj + COa + HaO^BaCOaH-H^Og. Twenty grams of barium 
peroxide are mixed with 100 cubic centimetres of distilled water 
in a beaker, and a rapid stream of carbon dioxide, which has been 
washed by passing through water, is bubbled through. If the 
delivery tube reaches to the bottom of the beaker, the mixture 
will be kept stirred by the bubbles of gas. In a few minutes 
a piece of potassium iodide and starch paper will show the 
presence of the hydrogen peroxide. 

136, By the action of dilute hydrochloric acid on barium per- 
oxide. BaOg + 2H01^Ba0l3 + HgOg. Thi^ee or four grams of the 
peroxide are mixed with about 30 cubic centimetres of dilute 
hydrochloric acid (consisting of 1 part strong acid and 12 parts 
water). The solution, on filtering or allowing to settle, will 
give the blue colour with starch paper, 

137, By the combuBtion of a jet of hydrogen gas. About 
20 cubic centimetres of distilled water are placed in a platinum 

dish, which is kept cold by being 
floated in a vessel of running water, 
as shown in the figure. A jet of 
burning hydrogen (delivered from 
an ordinary mouth blow-pipe) is 
made to impinge upon the* surface 
of the water in the dish in such a 
way as to ripple up the surface. The 
jet should be held by a clamp which is standing upon a levelling 
block (see Experiment^SS) so as to admit of nice adjustment. 
In about 10 minutes the water will contain enough hydrogen 
peroxide to be detected by the olu‘oinic acid test. 
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138. By the action of dilute hydrochloric acid on sodium per- 
oxide, ISTagOy + 2H01 = 21SraCl HgOg. To prepare small quan- 
tities of hydrogen peroxide for purposes' of illustration, the 
following is a convenient and ready method. About 40 cubic 
centimetres of dilute hydrochloric acid (consisting of one part 
of strong acid to ten parts of water) are placed in a sin all flask, 
and cooled to 0°0 in broken ice. The cooling maybe expedited 
by putting a few fragments of ice into the dilute acid itself 
Sodium peroxide is then gradually added in small quantities at 
a time, avoiding as far as possible any rise of temperature of the 
solution. 

139. Reactions with hydrogen peroxide. To show its action 
on potassium iodide and starch. This may be done either by 
dipping starch paper into the peroxide, or by adding the latter 
to an emulsion of starch, to which potassium iodide has been 
added ; in either case the blue colour does not appear at once, as 
the reaction is slow. 

A striking way of showing the time required for this Re- 
action is to place upon a clean glass plate two or three separate 
drops of the solution of potassium iodide and starch, and throw 
an image of the plate on the screen by means of the horizontal 
projector (see Lantern Illustrations). A drop of peroxide is 
delivered from a fine tube upon each of them, and gradually a 
dark edge appears surrounding the added drop, the colour slowly 
spreading throughout the mass. 

140. To show the action upon potassium diohromate. (The 
chromic acid test.) To a quantity of diluted hydrogen peroxide 
a few drops of hydrochloric acid are added ; and on the addition 
of one or two drops of the solution of the diohromate a deep- 
blue colouration is obtained. On shaking up with ether, the 
blue compound will be dissolved and will appear in the ethereal 
layer. The compound being very unstable, the blue is extremely 
fugitive; but it is less so in ethereal than in aqueous solution. 
In testing for very small quantities of the peroxide, therefore, 



76 


CHEMICAL LECTURE EXPERIMENTS 


as in tlie result of Experiment 137, it is better to add etb^r 
before adding tlie dichromate. 

141. To show the action upon lead sulphide. PbS -f 4 H 2 O 2 - 
PbS 04 + 4Hjj0r. Sulphuretted hydrogen water is added to a 
dilute solution of a lead salt, to precipitate the black lead 
sulphide. On the addition of hydrogen peroxide, the black pre- 
cipitate is rapidly converted into the white lead sulphate. 

Cartridge paper which has been moistened with a solution 
of a lead salt, and dried, may be blackened by exposure to 
sulphuretted hydrogen ; and on dipping such black paper into 
hydrogen peroxide, it is immediately restored to its original white 
colour. 

A piece of oil canvas, or, better still, a rough oil painting in 
which liglit and bright colours predominate, may be washed 
over with sulphuretted hydrogen water until all trace of the 
picture is lost. On brushing the peroxide over a portion of the 
surface, the colours of the picture will be seen slowly to re- 
appear, and finally will be restored to almost the same brilliancy 
as before the treatment. 

The same canvas or picture may be blackened and restored 
a number of times. 

14^. To show the bleaching action of hydrogen peroxide. 
The best colour to employ for this purpose is aniline blue 
(Tiiphenyl rosaniline), as, owing to its high tinctorial power, 
only a very small quantity is required. The peroxide is tinted 
by the addition of a small quantity of a solution of the blue, and 
then boiled ; in a short time the colour is discharged. If a few 
drops of a solution of caustic soda be added to the peroxide, the 
action takes place almost immediately. 

143. To show the action of nascent hydrogen upon hydi'ogen 
peroxide. Some granulated zinc and water are placed in the 
ordinary hydrogen-generating apparatus, and a few drops of 
sulphuric acid added so as to cause a very slow evolution of 
hydrogen. The rate of evolution may be shown by collecting 
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tjje gas in a tall glass tube. On adding hydrogen peroxide to 
the contents of the vessel the evolution of gas will stop, as seen 
by the cessation of bubbles ascending in the tube and the clari- 
fying of the liquid in the generating bottle. 

144. This may also be shown by placing the" materials in a 
cell and projecting an image of the liquid upon the screen. 
The effect of the peroxide in stopping the evolution of gas will 
be well seen by the disappearance of the bubbles. 

145. A still more striking method for illustrating this 
properly of the peroxide is by electrolysis. A feeble current is 
passed through a quantity of the peroxide contained in a cell 
in the microscope, and an image of the wires thrown on the 
screen. It will be seen that gas is only evolved from the positive 
electrode. A current reverser should be placed in the circuit. 

146. If a strong solution of the peroxide is at hand, it is 
possible to show the absorption of hydrogen evolved in the 
electrolysis of dilute acid by means of hydrogen peroxide. A 
small quantity of^water acidulated by a drop of sulphuric acid 
is placed in the microscope cell, the electrodes reaching nearly 
to the bottom. This is subjected to electrolysis by as feeble a 
current as is capable of causing its decomposition. On adding 
strong peroxide, the evolution of gas from the negative electrode 
will be seen to stop. 

147. To show the action of hydrogen peroxide upon certain 
metallic oxides. AggO + HgOg = 2 Ag + HgO + Og. A small quantity 
of silver oxide is added to a few cubic centimetres of the peroxide 
in a test tube, when a rapid evolution of gas takes place at 
once, which may be shown to be oxygen by introducing a glow- 
ing cedar splint. 

Manganese dioxide treated in the same way will yield a 
similar result. MuOg 4 - HjjOg = MnO 4 - H^O + Og. \ 

' 148. To show the action of hydrogen peroxide upon potassium 
permanganate. 4* 8 H 2 SO 4 4 6 H 20 a=E:.^S 04 4 2 MnS 04 

4 SHgO 4 SOg. To a few cubic centimetres of the peroxide about 
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half its volume of sulphuric acid is slowly added, the mixture 
being kept cool. A few grams of potassium permanganate are 
placed in a small flask, fitted with a dropping funnel and a 
delivery tube, and the mixture gradually dropped upon it. 
Eapid effervescence takes place, and the oxygen may be collected 
at the pneumatic trough. 

149. To show the action of heat on hydrogen peroxide. A 
small fiask, fitted with a delivery tube, is nearly filled with the 
peroxide, to which a few drops of caustic soda have been added. 
On warming the liquid, oxygen is evolved, and may be collected 
at the trough. 

150. To show the action of mercury upon hydrogen peroxide. 
A glass tube is closed at one end, and has a stopcock blown upon 
the other ; the tube may conveniently be of about 40 c.c. capacity. 
5 cubic centimetres of mercury are introduced by means of a fine 
drawn-out funnel tube, which will pass through the stopcock, 
and the tube filled up with hydrogen peroxide. A short delivery 
tube is connected to the stopcock. On shaking the tube and 
then opening the cock a quantity of oxygen "will be evolved, 
which can be collected at the trough by means of the delivery 
tube. The cock is then closed, and the contents of the tube 
agitated once more, when a further evolution of gas will take 
place ; in this way a considerable quantity of oxygen may be 
collected in a few minutes. 

151. To show the action of hydrogen peroxide on sodium 
hydroxide. 2NaHO — d-NagO^. 10 cubic centi- 
metres of a 20 per cent, solution of sodium hydroxide are placed 
in a small flask and 4 cubic centimetres of hydrogen peroxide 
(of the strength known as ‘20 volumes ’) are added, and the 
mixture shaken together. On the addition of about 20 cubic 
centimetres of absolute alcohol the mass will solidify, with 
cryst^ of sodium peroxide, hTagOg.SHgO. If hydrogen per- 
oxide^be added to a solntion of barium hydroxide, the corre- 
sponding hydrated barium peroxide, BaOg.SHjO, is at once 
precipitated. 
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^ 152. To show the action of hydrogen peroxide upon bleaching 
powder. Oa(001)Cl -h H202=0a0l2 + H^O 4- Og. A mixture of 
bleaching powder and water is placed in a flask, fitted with a 
delivery tube. Hydrogen peroxide is added, and the cork with 
its tubes is quickly replaced. A brisk eflervesdfence instantly 
takes place, and the evolved oxygen may be collected in the 
usual way. 

153. To show the action of hydrogen peroxide upon am- 
moniaoal copper compounds, A quantity of saturated copper 
sulphate solution, to which an excess of ammonia has been added, 
is placed in a flask carrying a dropping funnel and delivery tube. 
Hydrogen peroxide is allowed to flow in, and a rapid evolu- 
tion of oxygen at once takes place. The gas carries with it 
some of the ammonia, from which it may be purified, if desired, 
by passing it through dilute sulphuric acid, or by adding a little 
acid to the water in the trough. 

The copper salt remains unchanged at the end of the opera- 
tion. It acts a§ a catalytic agent, and is apparently first 
reduced to the cuprous state, and then reoxidlsed by another 
portion of the hydrogen peroxide. 


CHLORINE 

154. Preparation from hydrochloric aoid and manganese 
dioxide. MnOg 4- IHOl — MnOla + 21130 + 012. A large flask 
is fitted with a cork, preferably of india-rubber, carrying two 
tubes ; one a long straight tube reaching to within two or three 
centimetres of the bottom of the flask, and extending about 30 
centimetres above the cork ; the other an exit tube bent at a 
right angle. 

About 800 cubic centimetres of strong hydrochloric acid are 
placed in the flask, and about 100 grams of the manganese 
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dioxide added* On the application of a gentle heat a steady 
evolution of chlorine takes place. The gas should be washed 
by being passed tln'ough a Woulfs bottle containing water. 

It will be found convenient to attach a T tube between the 
generating flask and the wash bottle, as in fig. 55. This tube 
is made to dip into a 
cylinder containing a so- 
lution of caustic soda, of 
depth enough to offer 
more ^ resistance to the 
gas than is offered to it 
by the water in the 
Woulfs bottle and any 
liquids through which it 
may be desired to pass it 
in the course of experi- 
ment. A screw clamp is 
provided upon the caout- 
chouc, which attaches the 
T tube to the wash bottle. By closing this cobk the gas is com- 
pelled to pass into the soda, where it will be absorbed. 

If the caoutchouc corks employed are already bored, the 
holes should be cleaned out by means of a little bisulphide of 
carbon before the glass tubes are inserted, or the tubes may be 
made hot enougli to slightly bum the rubber ; in this way the 
tubes will become perfectly firmly attached to the caoutchouc, 
and must never be sliifted. If the holes are bored at the time 
of fitting up the apparatus, the borers should be moistened with 
spirit, which not only makes them cut more easily, but leaves 
the rubber in a condition to adhere firmly to the glass ; by these 
devices the apparatus may be made perfectly gas-tight. Iix 
charging the apparatus the acid should be put into the flask 
first and the manganese added ; for if i}h6 acid be poured upon 
the manganese the latter is liable to cake upon the flask, which 
is then very likely to be fractured : for this reason it is not 
advisable to have a funnel fitted to the flask, the long tube 


Fig. 66. 
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being intended solely as a safety tube. Tbe flask should be 
Bupported by a piece of wive gauze upon a tripod in preference 
to a sand bath, as the heating is then so much more under 
control. A slight raising or lowering of the gas flame will at 
once increase or diminish the rapidity of the evolution of 
the gas. 

For most purposes chlorine is best collected by displacement. 
A couvenient form of apparatus is shown in fig. 56. It consists of 
a gi’ound glass plate, through a centre hole in which fits a cork 
carrying two tubes, one passing to the bottom of 
Fro 56. the glass cylinder, and the other ending immediately 
below the cork. The escaping gases are either passed 
into caustic soda or discharged into a draught hole. 
When the cylinder is full, the cock c (fig. 55) is closed, 
the tube f is disconnected from the wash bottle, 
and the plate quickly removed and replaced by 
another previously waxed and ready to hand. If the 
tube F is made to fit the cork rather easily, so that 
it may be drawn nearly through before the plate is 
removed, there will be less time occupied in changing 
the plates, and consequently less escape of chlorine, 
A number of cylinders may be connected in series 
and filled at the same time. 

For collecting and keeping gases required for 
lecture experiments, cylinders with ground edges, 
covered with waxed ground glass plates, are preferable to 
stoppered jars or bottles. The best wax for the purpose is 
resin cerate (procurable from any damggist), which should be of 
about the consistency of firm lard. If it should be lumpy or 
too hard it is a good plan to melt it down and add a small 
quantity of vaseline. The ground glass plates must not be more 
than ^ inch larger in diameter than the mouth of the cylinders 
they are to cover; the wax should be laid on evenly as a narrow 
ring round the plate with the finger, and the waxed plate 
pressed firmly down upon the cylinder. Cylinders so filled 
with chlorine or other gases may be preserved for many months. 

a 
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Olilofine may be collected at the pneumatic trough without 
any appreciable loss by employing water which has been satu- 
rated with common salt. 

155. Preparation from sodium chloride manganese dioxide of 
sulphuric acid. MnOg + 21 Sra 01 - 1 - 2 H 2 SO 4 = MnSO^ + Na^SO^ 
-h 2H2O + Olg. I'his preparation may be made in an apparatus 
exactly similar to that used in No. 149. Diluted sulphuric acid 
(see Preparation of HOI from NaOl) is first introduced into the 
generating 8 ask, and a mixture of manganese dioxide and 
common salt in about equal parts is added. On the application 
of a gentle heat a steady evolution of chlorine takes place. 

156. Preparation from potassium diehromate and hydrochloric 

acid. K^OrgO, + 14H01 = 2K01 + OrgOl, + 4- SOlg. A 

quantity of the diehromate, coarsely broken up, is placed in a 
flask fitted with a cork and delivery tube, and a quantity of 
strong hydrochloric acid poured over it. On applying heat, 
chlorine is evolved. 

157. Preparation of chlorine by ‘ Deacon's process.' 

(1) OU 3012 + 0==OU20012J 

(2) 0u2O0]2+2HCl=H2O+2Ca0l2; 

(S) 2GxiG\,^Cufil,-hC\) 

or 

( 1 ) Q + 2RGl + Gxifi\^B,0+2GuG\^) 

(2) 2CuClg=0u20l2 + 0l2. 

A porcelain tube is filled with fragments of pumice which 
have been soaked in a solution of a copper salt, preferably 
cupric chloride, and dried. The tube is heated to dull redness 
in a coke or, preferably, a gas furnace. To one end of the tube 
a delivery tube is attached ; the other end is connected to a 
thi’ee-necked Woulfs bottle containing sulphmic acid. Hydro- 
chloric acid is passed into the Woulfs bottle by opening, 
and air, or better oxygen, at the other; the rate at which 
these gases are passing being observed by the rapidity of the 
bubbles in the Woulfs bottle. Chlorine, mixed with nitrogen 



CHLORINE 


83 


air be used, or mth oxygen if that gas be employed, may 
be collected at the pneumatic trough over brine. The presence 
of the chlorine in the gas which is so obtained is best shown by 
introducing a strip of paper coloured with carmine, which will 
be rapidly bleached. 

158. This reaction may be illustrated on a small scale by 
using a combustion bulb to contain the fragments of pumice 

(hg. 57). Oxygen and 
hydrochloric acid passed 
over in the cold may be 
shown to undergo no 
^ change, by showing that 
the issuing gas has no 
action on paper which 
has been coloured with 
carmine. On gently 
warming the bulb, enough 
chlorine will be produced 
in a few seconds to show 
its bleaching power upon the coloured paper. 

The issuing gas may be made to bubble into a solution 
containing potassium iodide and starch, when instantly upon 
warming the bulb the blue colour will be manifest. 

169. To prepare liquid chlorine. A stout glass tube closed 
at one “end, and bent at a right angle near tlie middle, is 
partially filled with the solid hydrate of chlozdne (see Experi- 
ment 180) and the open end drawn off and sealed up, the tube 
being kept cold by a freezing mixture. On gently warming 
one limb of the tube, and cooling the other, a small quantity of 
liquid chlorine will distil over. 

160, A better method for obtaining the pure liquid, consists 
in passing chlorine from the generating apparatus through a 
tube, which is cooled by solid carbonic acid and ether. If it be 
not desired to preserve the sample of liquefied chlorine, the most 
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convenient tube for its collection is the ‘condensing tub^* 
described under Liquefaction of Gases (Experiment 649) j but if 
it be intended to keep the specimen, it is better to collect it in 
a U tube, made of stout glass, and having its two limbs beat 
near together so that it will pass into a narrow vessel 
containing the freezing mixture. The extremities of 
the U tube should be di'awn out, in order that they 
may be sealed off in a blowpipe flame. The chlorine 
should be dried by passing through sulphuric acid 
before entering the cooled tube. A large ‘ boiling 
tube/ wrapped imnd with green baize, is a convenient 
vessel in which to cool the U tube. 

It may be useful to know that the ether vapour, 
which is evolved from a solution of solid carbon dioxide in 
ether, is not inflammable, owing to the amount of carbon 
dioxide which is simultaneously evolved. When sealing the 
U tube, therefore, it need only be slightly raised in the boiling 
tube, as it is perfectly safe to direct the flame right across its 
mouth, and so to seal the tube while it is still immersed in the 
freezing mixture. 

161. To show the action of chlorine upon metals. Antimony, 
A quantity of finely powdered antimony is tied up in a little 
muslin bag. This is dusted into a cylinder of chlorine, and 
each particle as it falls into the gas burns with a bright sparkle, 
producing fumes of the chloride of antimony. This, and all 
other experiments with chlorine in winch the gas is liable to 
escape from the jar, must bo performed either in a draught 
cupboard, or over a draught hole upon the table. 

162. Brass. A number of leaves of Dutch metal are made 
into a loose bundle, and attached to the end of a stout wire. 
On introducing this into chlorine, the bundle of Dutch metal 
instantly ignites. If the leaves are attached to the end of a 
spiral of rather fine brass wire, their combustion will be com- 
municated to it, and it will continue to burn in the gas. Sand 
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sUould be placed in the bottom of the cylinder to prevent its 
fracture by falling molten metal. 

163. This experiment is more strikingly shown by placing a 
quantity of Dutch metal into a round glass flask fitted with a 
cork, carrying a glass stopcock. The flask is then exhausted 
by meaiis of an air-pump, and connected to another flask of 
larger dimensions and fitted in a similar manner, and which has 
been filled with chlorine. On opening the cooks, chlorine will 
rush into the exhausted flask, and the metal in it will be 
instantly ignited. 

164. Sodium. A quantity of sodium is heated in a defla- 
grating spoon until it begins to burn in the air ; it is then 
introduced into a flask filled with chlorine, when it continues 
to burn with intense brilliancy. As the deflagrating spoon is 
liable to melt, a quantity of sand should be placed in the flask. 

165. Mercury. A stream of chlorine is passed over mercury 
contained in a bulb tube. On heating the mercury it inflames 
and burns with a bright white light. 

A wide escape tube should be provided to carry off the 
mercuric chloride which is produced. 

166. To show its action upon phosphorus. A fragment of 
phosphorus in a deflagrating spoon is introduced, without 
previous ignition, into a cylinder. The phosphorus spon- 
taneously inflames and burns with a feeble flame. 

167. To show its action upon hydrocarbons. Turpentine. 

A few cubic centimetres of turpentine are heated in a test tube, 
and poured upon a folded strip of filter paper, which is then 
introduced into a cylinder of chlorine. Instantaneous inflam- 
mation takes place, with the deposition of a large quantity of 
carbon. 

168. Ethylene. A tall cylinder is one-third filled with ethyl- 
ene at the pneumatic trough, and twice the volume of chlorine 
added, leaving a little water to facilitate mixing the gases. The 
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moiith of tlie cyliudei* is covered with, a plate, and the conten^ 
of the cylinder shaken together for a moment. On applying 
a light the mixture burns with a lurid light, depositing carbon, 
and forming a cloud of hydrochloric acid. 

169. Coal gas, A jet of burning coal gas may be lowered 
into a cylinder of chlorine, when it will be seen to burn with a 
lurid smoky flame, and fumes of hydrochloric acid ai’e evolved. 

170, A lighted taper introduced into chlorine behaves in a 
similar way. 

171, To show the behaviour of chlorine towards carbon, A 
fragment of charcoal is heated to redness, and plunged into 
chlorine. The charcoal will be seen to be at once extinguished. 
The charcoal should be held in a loop of stout platinum wh’e, 
attached to the stem of a deflagrating spoon. 

172. To show the bleaching action of chlorine. A small 
quantity of chlorine water may be poured into flasks containing 
water which has been tinted with colouring matter, such as 
magenta, aniline blue, indigo, carmine. 

Paper which has been coloured by such materials may be 
dipped into chlorine water, or into cylinders of the gas. 

Fabric, dyed with similar colours, may be bleached by being 
dipped into chlorine water, 

173, To show the behaviour of dry chlorine towards colouring 
matters, A cylinder of chlorine is dried by a layer of sulphuric 
acid being placed in the vessel, and the whole allowed to stand 
for a few hours. A dry piece of fabric, dyed ^ Turkey red,^ is 
pinned to a cork which has been cemented to a glass plate, and 
is quickly introduced into the dry gas. The colour will not be 
discharged, although it will be slightly changed. 

174. To show the behaviour of dry chlorine towards metals. 
Brass. A round flask, of abont a litre capacity, is fitted with a 
cork carrying a glass stopcock. Into the flask, after being care- 
fully dried, a quantity of phosphoric anhydride is placed, and 
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otout a couple of dozen leaves of Dutch metal are introduced as 
quickly as possible, and the cork tightly inserted,^ 

A large ordinary flask, of about 3 litres capacity, is fitted as 
the other. A quantity of the anhydride is placed in it, and the 

flask is filled with chlorine by 
displacement. The cork is then 
firmly inserted, and both flasks 
are left to stand for twenty-four 
hours. 

The stopcocks should be as near to the cork as will admit 
of turning, and the tubes should be cut off about 1 centimetre 
from the cock. 

The round flask is connected to an air-pump aud exhausted, 
and the two flasks are then connected together with a piece of 
caoutchouc, the ends of the glass tubes being brought close 
together (fig. 59). The air thus inclosed between the two cocks, 
not having been dried, must be as small a quantity as possible. 
The cock of the chlorine flask is first opened, and then the 
other. Chlorine rushes into the flask contaiuiug the brass, and if 
the experiment is successful there will be no action, the metal 
remaining bright aud untarnished. Tiie cocks are then closed, 
and the flasks disconnected. A single drop of water from a 
pipette may now be introduced into the short tube of the stop- 
cock, and the cock opened ; there being less pressure in the flask 
than outside, the drop will be sucked in, and instantly the brass 
will combine with the chlorine, bursting into flame. 

175. Sodium. A long piece of glass tube, about 2 centimetres 
bore, is drawn out at one end, and constricted in two places, 
a', b', as seen in fig. 60, the glass being thickened at the 
constrictions. A branch tube, E, is blown into the tube at c. 
A caoutchouc cork, with two holes, is fitted on to this branch 
tube, and the end of the tube is then drawn out fine, and the 
fine tip bent at right angles and sealed. The second hole in the 
cork carries a piece of glass rod, reaching to within about 2 or 3 
millimetres of the fine tube. A lump of sodium, cut from an 
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ingot of the metal so as to be as clean as possible, is pushe^ 
into A, and the tube is sealed off at a. The length of this 
part of the tube should be sufficient to prevent moisture from 
the blowpipe flame from condensing inside. The tube D is now 
connected to a Sprengel pump, and the apparatus exhausted. 
As soon as the mercury in the pump begins to click, the tube 
should be gently warmed by passing a Bunsen flame lightly 
along it, taking care to warm every part, from A to d and along 
E. The pump will at once show that there are vapours pro- 
duced. When the clicking begins again, the tube may be made 
hot enough to melt the sodium, and the liquid metal should run 
out of the shell of oxide which coats it, exposing a brilliant sur- 
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face. When a good vacuum is again obtained the tube is to be 
sealed off at c' by means of a fine blowpipe flame. The sodium 
is again melted, and the whole tube made warm by passing the 
flame along it. The melted metal is then allowed to flow through 
the constriction a' into b ; the constriction effectually stopping 
every trace of ^ dross,’ so that the sodium lies in b as a perfectly 
clean and brilliant mass. The tube is allowed to cool, and is 
sealed off at a' as before. Should a fragment of sodium remain 
in the constriction a', it is easily distilled away by gently 
warming the spot, before sealing up. If desired, the metal may 
be again melted and made to take np any required position in 
the tube. 

A flask of about f litre capacity, the neck of which will fit 
the cork G, has phosphoric anhydiude placed in it, and is filled 
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vi^lth chlorine by displacement. The cork G is firmly introduced, 
and the apparatus allowed to stand for at least twenty-four hours 
(fig. 60). At the end of this time the fine point of tube E is 
broken off by depressing the glass rod upon it. Chlorine instantly 
ruslies into the vacuous tube containing the bright metal, and it 
will be seen to exert no action upon it. The tube is then sealed 
off at R'", there being still a slight reduction of pressure within the 
apparatus, and the specimen will retain its bright metallic lustre 
indefinitely. 

176 , To show the comhination of chlorine with hydrogen. 
Two small stout glass cylinders may be filled ; one with chlorine, 
and the other with hydrogen. These are placed mouth to mouth, 
the plates withdrawn, and, after being once or twice inverted to 
insure the mixture of the gases, a lighted taper is applied to 
each. A shai’p explosion follows, and clouds of hydrochloric 
acid make their appearance. 

177 , - A jet of burning hydrogen may be lowered into a 
cylinder of chlorine. The hydrogen burns with a pale yellowish 
flame, and hydrochloric acid fumes are seen escaping from the 
mouth of the vessel. (See also Experiment 182,) 

178 , To show the effect of light in causing the combination 
of chlorine and hydrogen. The plan frequently described for 
performing this experiment, viz. of filling a bottle with a 
mixture of chlorine and hydrogen and throwing it from an 

Fig. 61. 
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open window into the bright sunshine, is for many obvious 
reasons unsuitable for a lecture experiment. The best method 
is to fill small glass bulbs with the mixed gases, and expose 
them to suitable artificial light. 

To make the bulbs, soft glass tube, either soda or lead glass 
(about 3 millimetres bore and 1 millimetre thickness of wall), 
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is drawn out, as shown in fig. 61. The capillary tubes shou^l 
be as fine as will allow of a tolerably free passage for the gases ; it 
too fine, the bulb will be diflScnlt to fill, and if too coarse the after- 
operation of sealing up cannot be performed without exploding 
the gases. The portion of the original tube, upon which the bulb 
is to be blown (a, fig. 61) may be about 2^ to 3 centimetres 
long. The bulb when blown should be about the size of a heu s 
egg, and will be quite thin. 

The bulbs are filled with the gases evolved by the electro-' 
lysis of hydrochloric acid. 

A small apparatus is fitted up similarly to the one described 
for the electrolysis of water ; the electrodes in this case being 
either of stout platinum or small rods of carbon (such as are 
used for * arc ’ lights) ; the action of the chlorine upon the 
platinum is so alight that it is of practically no importance. 
If carbon electrodes are used, they may be attached to short 
pieces of platinum wire, which are fused into glass tubes in 
order to make a mercury contact with the battery. The 
apparatus should be filled to within about 2^ centimetres from 
the neck with hydrocliloric acid of specific gravity TIO (approxi- 
mately obtained by mixing 18 volumes of strong acid with 10 
volumes of water), and a current from five or six Grove's cells 
passed through. It is necessary that the temperature of the 
acid should not be allowed to rise, and to prevent this the 
apparatus must be stood in a large vessel of cold water, or a 
vessel through which cold water is circulating. When the 
current has been passing for ten or fifteen minutes, the liquid 
may be considered to be saturated with chlorine, and a bulb 
may be filled. A piece of caoutchouc tube 15 to 20 centimetres 
long is attached to the delivery tube, and the other end con- 
nected to the bulb to be filled, and the gases dii*ect from the 
electrolytic cell passed through (fig. 62). The gases should noi 
he d/ried hy being passed through sulphuric acid. With the 
strength of battery indicated, and if the capillary tubes of the 
bulb are not too fine, five minutes is ample time to allow for the 
filling of a bulb. A strip of carmine paper may be brought to 
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the point where the gases escapej to ascertain that chloririe is 
actually passing out. At the end of about five minutes the 
caoutchouc tube is disconnected from the bulb, and the loulb is 



sealed up before the blowpipe. If the capillary tubes are about 
the right size, this 'operation may be done without any risk of 
the mixture being ignited. A small fine blowpipe flame must 
be used, and the little tube passed backwards and forwards across 
the flame, a gentle pull being exerted on the tube all the time ; 
in this way the glass is never heated higher than is absolutely 
necessary to soften it. The sealing should be made at a jDoint 


Fig 03, 



about 5 centimetres distant from the bulb. In order to protect 
the face and eyes in the event of the mixture exploding during 
this operation, the bulb should be held in -such a way that the 
palm of the hand forms a screen (fig. 63). When these bulbs 
burst the glass is reduced to such fine dust that the hand feels 
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absolutely notbing from the explosion. The operator may u^ 
a glove upon the hand if desired; but a gloved hand will be 
found to interfere with the delicacy of manipulation required for 
these thin bulbs and fine tubes. The entire operation of filling 
and sealing these bulbs must be carried on by gas-light, or in 
very diffused daylight. The first bulb that is filled should be 
tested by being exposed to the light of burning magnesium ; if 
the mixture explodes, it may be presumed that the next bulb, 
filled in the same way, will do the same. It is well to fill a 
number of these bulbs at one time, and after, say, a dozen or 
two have been made, the last should also be tested. They may 
be conveniently preserved in cardboard egg boxes, and if placed 
in the dark will keep indefinitely. 

The bulbs may be exploded by a variety of different lights, 
(ci) Sliming onagnesium riUbon , — -The bulb is placed in a 
suitable support (a bent wire loop, standing in the chimney 

of a Bunsen lamp 
answers veiy well, 
fi^. 6 Sa), and sur- 
rounded either with 
a bell “jar or a large 
beaker, or two sheets 
of glass hinged to- 
gether by a strip of 
, cloth glued down 
the edges. A strip 
(.pf burning magne- 
siutu brought near 
to the glass screen 
will cause the com- 
bination of the 

gases and the explosion of the mixture. 

(b) Magnesium light — A bulb supported and screened 

as before, and exposed to the light of the magnesium ‘flash' 
used by photographers, will be exploded. An arrangement to 
produce this flash is described in Experiment 60, page 27. 


FiO- 63A. 
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^ (o) By the combustion of a mixture of niino acid and carbon 
disulpliide, (See Nitric Oxide, Exp. 319.) 

(d) By the electric Ught.—Tho most striking way of per- 
forming this experiment is to hang the bulb, by means of a 
thread, in the path of the beam from the arc lamp, and project 
an image of it upon the screen by placing in front of the con- 
densing lens a sheet of red glass. The position in which to 
place the bulb, and the adjustment of the focus should be pre- 
viously arranged with an empty bulb. The charged bulb is 
then put in its place and its image thrown on the screen ; on 
withdrawing the red glass the bulb will be seen to give a kick, 
and instantly to disappear at the moment of the explosion. The 
bulb must not be exposed to the red light for more than a few 
seconds, so that the coloured glass must be removed almost 
immediately after showing the bulb on the screen. 

179* To show that no change in volume follows the combina- 
tion of chlorine with hydrogen. A glass tube about 36 centi- 
metres long, and rather thick in the walls, Las a stopcock blown 
upon each end. ^Two platinum wires are sealed into the glass. 
This tube is filled >vith the mixed gas from the electrolysis 
apparatus described above. By dipping one end'^ under mercury 
and opening the cock for an instant it may be shown that the 
gases in the tube are at the ordinary pressure. An electric 
spark is then passed through the gases (and for this it is well 
to cover the tube with a wne gauze jacket, as it is liable to burst 
with the force of the explosion), and the cook again opened 
under mercury, when it will be seen that the pressure inside the 
tube has remained the same. On opening the cock under 'water 
the liquid will be seen to rise in the tube, and completely absorb 
the hydrochloric acid that has been formed. 

180. To show the formation of the solid hydrate of chlorine. 
ClgjlOHgO. A stream of chlorine is passed through watet con- 
tained in a flask which is kept cold by ice to which a sprinkle 
of salt has been added. After a short time crystals of the 
hydrate deposit, and the moss becomes aemi-solid. 
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HYDROCHLORIC ACID. HOL 

181. Preparation from sodium cMoride, NaOl + HgSO^ 
— NaHSO^ + HOI. A flask of about ^ litz'e capacity, fitted with 
a mercury safety funnel and delivery tube, has a‘ quantity of 
common salt placed in it (100 to 150 grams), and is then about 
half filled with sulphuric acid, previously diluted. The best 
degree of dilution is obtained by mixing eleven volumes of the 
strong acid with eight of water, and allowing the mixture to 
cool. It is convenient to keep a supply of acid of this strength. 
This acid when poured upon the salt causes no evolution of gas 
in the cold, but a steady stream is obtained on the application 
of a gentle heat, and the evolution of gas can be regulated to a 
nicety by raising or lowering the gas. The gas may be passed 
through a Woulfs bottle 
containing sulphuric acid, 
and can be collected either 
over mercury or by dis- 
placement (fig. 64). It 
will be found convenient to 
attach a three-way tube to 
the generating flask, the 
long limb of which dips 
into water contained in a 
cylinder. When the gas 
is to be collected over mer- 
cury, or has to overcome 
any resistance in its passage through any apparatus it may 
be required to traverse, a layer of mercury should be placed 
in the bottom of the cylinder, and by raising the cylinder upon 
a block the tube may be made to dip beneath the mebal. The 
quantity of mercury in the funnel should be so arranged that 
less pressure is requbed to di'aw air into the flask through 
the mercury than is required to raise the acid in theWoulfa 
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battle to the top of the tube which couN^eys the gas ; so that 
when the flask cools the sbrong acid is not drawn over. 

182. Pormation of hydrochloric acid by synthesis. A slow 
stream of hydrogen is sent through a small Wurtz flask (about 
300 c.c. capacityj which is held in an inverted position in 

introduced by the side tube. A 
cork which fits the flask is pro- 
vided with a straight glass tube, 
reaching just up to the body of 
the flask, and a second tube pass- 
ing just through the cork and 
bent at an obtuse angle. The 
straight tube is connected by 
means of caoutchouc tube to a 
chlorine generator direct (without 
a wash bottle). When the Wurtz 
flask is full of hydrogen the gas 
is ignited at the mouth of the 
flask, the cork is then quickly 
introduced ; as the end of the 
tube conveying the chlorine passes the flame of hydrogen the 
chlorine ignites and continues burning in the hydrogen; the 
excess of hydrogen, along with torrents of fumes of hydrochloric 
acid, will issue &om the end of the bent tube. If the issuing 
gas be passed into water the acid nature of the product may 
be demonstrated. 

183. To show the electrolysis of hydrochloric acid and the col- 
lection of the mixed gases. The apparatus described under Ohlor- 
ine (Exp. 178) is employed, and the mixed gases collected in a 
stout glass cylinder over saturated brine in the pneumatic trough. 

184. To show equal volumes of chlorine and hydrogen in 
the mixed gases, A glass tube about 60 centimetres long has 
a small stoppered funnel blown upon one end (fig. 66), The 
tube is divided into two equal pai’ts by means of two india- 
rubber 4ng8 slipped over it (such a ring is conveniently made 


a clamp ; the hydrogen being 
Pio. 65. 
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by cutting a short section from a piece of caoutchouc tube). ' 
tube is filled down to the second ring with the ^ 
mixed gases evolved by electrolysis, and collected 
over brine, A solution of potassium iodide is intro- 
duced into the tube by means of the stoppered funnel, 
care being taken to avoid allowing air to enter. The 
chlorine attacks the potassium iodide, liberating 
iodine, and the hydrogen ia left, and will be found 
to occupy the space down to the first division, viz. 
one-half the original volume. 

185, To show the electrolysis of hydrochloric acid 
and the collection of eq^ual volumes of the two gases. 

A convenient form of apparatus is seen in fig. 67, in 
which the two tubes are connected by a cross tube 
out of which a small branch tube rises which is 
connected to a Binall reservoir (conveniently a drop- 
ping funnel) by means of a caoutcbouc tube. The 
apparatus is supported by a clamp upon a retort stand, the 
reservoir being held in a ring. The platinhm wires canying 
the electrodes are fused into short glass tubes which 
can be fixied into the wider tubes by short pieces of 
caoutchouc. 

The apparatus ia filled with hydrochloric acid 
(sp, gr. ri) and the reservoir raised until the liquid 
in the two tubes and the funnel stands about 1 centi- 
metre below the top of the tubes. A current from 7 to 
10 Grove's cells is passed through the liquid, the 
two cocks being open, until the liquid in the tube 
attached to the positive wire of the battery is satu- 
rated with chlorine. It is not difficult to see by the 
ascending bubbles when this point is reached j it 
will' require from 20 to 40 minutes, depending upon 
the strength of current used. The cocks are closed simul- 
taneously, and the two tubes will be found to fill with gas in 
practically equal volumes. ^ ^ ,, 
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186. To show the behaviour of gaseotis hydrochloric aoid 
towards ordinary combustibles. A burning taper, or jet of coal- 
gas, when introduced into the gas is at once extinguished. 

187. To show the combustion of potassium in gaseous hydro- 
chloric acid. A fragment of potassium is placed in a combustion 
bulb, which is attached to the apparatus, evolving hydrochloric 
acid. The gas should be dried by being passed through a 
Woulf’s bottle containing fragments of pumice moistened with 
sulphuric acid, instead of being allowed to bubble through acid, 
as, in order that the issuing hydrogen may be inflamed, the 
current of gas must not be intermittent. On heating the potas- 
sium it inflames and continues its combustion in the stream of 
gas. The liberated hydrogen may be ignited as it issues from 
the bulb tube. 

188. To collect hydrogen from the decomposition of gaseous 
hydrochloric acid by means of sodium. A few fragments of 
sodium are dissolved in mercury by pressing the sodium in small 
pieces under mercury contained in a mortar; each piece of 
sodium as it is added dissolves in the mercury with some energy. 
The amalgam so obtained is placed in a small flask fitted with a 
cork and two tubes ; one is connected with the hydrochloric aoid 
generator, to the other is attached a delivery tube to convey the 
gas to the pneumatic trough. On passing the gas, and gently 
shaking the amalgam in order to constantly expose a fresh sur- 
face, a rapid stream of hydrogen will be evolved. 

189. To show the volumetric composition of hydrochloric acid 
by means of sodium amalgam. A measured volume of dry 
gaseous hydrochloric acid is introduced into the closed limb of a 
U'Shaped eudiometer, and the mercury levelled in both limbs. 
The volume occupied by the gas is indicated by an india-rubber 
ring upon the tube, and a second ring marks half the volume. 
The open limb is tlien filled up with sodium amalgam, and on 
being closed with the thumb the gas can be decanted into it, 
and made to bubble once or twice through the amalgam. It is 

n 
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finally refcnvned to tlic graduated limb, and ou again adjustiofg 
the lerela of the mercury in the two tubes.it will be found that 
the volume of the gas is reduced to one 
half. To show that the remaining gas is 
hydrogen, it may once more be trans- 
ferred to the open limb by first filling it 
with mercury and closing it with the 
thumb, and then inflamed. 

It is more convenient to construct 
the apparatus with a stopcock blown 
npon the closed limb, as shown in 
fig. 67a. The hydrogen may then be 
driven out and ignited as it issues. 
This experiment only proves that the 
volume of hydi^ogen in the compound is 
equal to one half the volume of the 
hydrochloric acid, but gives no informa- 
tion as to the volume of the chlorine, 

r 

190. To decompose gaseous hydrochloric 
acid by means of manganese dioxide. A 
piece of glass tube about 20 centi- 
metres long is filled with coarsely 
powdered manganese dioxide, and a 
stream of hydrochloric acid gas is passed over it. On the appli- 
cation of a gentle heat by simply passing a Bunsen flame once 
or twice along the tube, chlorine will be evolved, which niay be 
collected over brine ; the undecomposed hydrochloric acid being 
absorbed in the water. 

191. To decompose gaseous hydrochloric acid by eleotiio 
sparks. An apparatus similar to that emplo 3 ’'ed for the decom- 
position of steam by electric sparks (Water, Exp. 82) may be 
used, the materials for generating the gas being placed in the 
flask. When the sparks are passed, small quantities of gas are 
carried over in the stream of hydrochloric acid, which may be 
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^jollected over salt water and shown to contain chlorine, and to 
explode on ignition. 

192, The solubility of hydrochloric acid in water may be 
illustrated by opening a cylinder of the gas beneath water, which 
will instantly rush into the cylinder as into a vacuum. The cylin- 
der may be filled by displacement, and should be closed with a 
thick glass plate. The ordinary thin ground-glass covers should 
not be employed, as they are certain to be fractured by the 
pressure at the moment water enters, and the hand of the 
operator is in danger of being seriously cub ; on no account 
should a stoppered cylinder be used, as upon the entrance of the 
first drops of water the stopper will be immovably fixed. 

193. On a larger scale this experiment may be strikingly made 
by filling a large bolt-head flask with the gas. The flask is fitted 
with a caoutchouc cork carrying two tubes 7 or 8 millimetres 
bore; one reaches to within a short distance 
of the bottom, while the second is a short 
tube ending 1 or 2 centimetres through the 
coi'k. The ends of these tubes outside are 
slightly opened out, to admit of their being 
secm’ely plugged with caoutchouc stoppers. 

The flask, supported neck upwards, is filled 
with the gas by displacement, the gas being 
delivered by the long tube. The issuing 
gas is passed into water until the air is 
entirely displaced, which is ascertained by 
the complete absorption of the bubbles, 
and the two tubes are then closed. The 
flask is supported by a tall tripod in a large 
trough or basin of water, which may be 
coloured blue with litmus, and the cork of the long tube 
withdrawn. The water then begins slowly to rise in the tube 
until it reaches the top, and when the first few drops have 
entered the flask, and by their absorption of the gas produced 
a partial vacuum, the water is forced up the tube in the form 
of a fountain which continues until the flask is filled. 

H 2 
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OXIDES AWD ACIDS OP OHLORINE 

CHLORINE MONOXIDE. GUorous oxide. Ol^O. 

194. Preparation by the action of chlorine upon mercuiic 
oxide. 2HgO + 20l2=:HgO,Hg0l2 4-Ol2O. Chlorine, dried by 
being passed through sulphuric acid, is slowly passed over dry 
precipitated mercuric oxide (the red crystalline oxide will 
not answer) contained in a glass tube. A brownish-coloured 
oxychloride HgO.HgOlg is formed in the tube, and the yellow 
chlorous oxide passes on, and may be collected by displacement. 
If passed through a U tube contained in a freezing mixture it 
condenses to an orange-yellow liquid, but as the liquid is highly 
explosive it is unadvisable to collect it. 


CHLORINE PEROXIDE. OlO^. 

^ 105. preparation by the action of sulphuric acid upon 
potassium chlorate. SKOIO^ -f 2H2SO4 = KOIO^ + 2HKSO4 
q- HgO + 2OIO2. About 5 cubic centimetres of strong sulphuric 
acid are placed in a short stout glass cylinder, covered with a 
small piece of cardboard or a mica plate : a glass plate should 
not be used, as the gas is liable to explode during its prepara- 
tion. Finely powdered and dry potassium chlorate is added in 
small quantities at a time. The deep yellow gas is evolved, and 
gradually displaces the air from the cylinder. 

196. Preparation by the action of oxalic acid upon potassium 
Chlorate. 2KC10,, + + 2H2O + 200^ + 2OIO2. 

18 grains of powdered oxalic acid and 24 grams of powdered 
potassium chlorate are mixed in a dry flask, and heated to 
70°G. in a water-bath. A mixture of the peroxide with carbon 
dioxide in equal volumes is evolved. The gas may be passed 
ipto water, and a solution of the peroxide obtained. 
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197. Preparation by the aotion of hydrochloric acid upon 
potassium chlorate, 4 IVGIO 3 + 12HG1 = 4IC01 + GHgO 4 - 9C1 
4-30100. Hyclroclilorio acid is poured upon a quantity of 
cryslals of potassium chlorate contained in a flask, and the 
mixture gently warmed. A mixture of chlorine peroxide with 
chlorine is evolved, wliich may be collected by displacement. 

(N.B. This mixture of gases was formerly regarded as a 
distinct compound of chlorine and oxygen, and received the 
name of euchlorine.) 

198. To show the effect of heat upon chlorine peroxide. A 
hot glass rod or copper wire is dipped into a cylinder of the gas 
obtained by Exp. 195. The gas explodes more or less violently 
in proportion as it is free from air. 

199. To show the action of chlorine peroxide upon phosphorus. 
A few crystals of potassium chlorate along with two or three frag- 
ments of phosphorus are placed at the bottom of a cylinder of 
water. Strong sulphuric acid is poured upon the mixture by 
means of a thistle funnel reaching to the bottom of the vessel. 
The peroxide liberated by the action of the acid upon the chlorate 
at once attacks the phosphorus, which burns in the gas beneath 
the water. It is well to use a thistle funnel the stem of which 
has a very small bore. 

200. To show the action of chlorine peroxide upon sugar, 
Potassium chlorate and white sugar, both finely powdered, are 
carefully mixed with a paper-knife or spatula, A small heap 
of tlie inixture placed upon a block of wood is touched with a 
glass rod which has been dipped into strong sulphuric acid. 
The mixture is at once inflamed. 

201. To show the action of chlorine peroxide upon sulphuretted' 
hydi’ogen. A glass jet from which sulphuretted liydrogen is 
issuing is lowered into a cylinder of gas, obtained by the action 
of hydrochloric acid upon potassium chlorate ; the sulphuretted 
hydrogen will spontaneously inflame and continue t-o burn in 
the gas. 
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HTPOOHLOEOUS AOID. HOIO. 

202. Preparation bypassing* cMorine through water in which 
precipitated oxide of mercury is suspended. HgO + H^O 
4 - 20 l 2 =Hg 0 l 2 4- 2H010. The mixture of water and the yellow 
oxide of mercury is contained in a flask fitted with a cork and 
two tubes. The gas is bubbled through the water, the contents 
of the flask being frequently shaken, 

The liquid may be allowed to settle and the clear solution 
decanted off. This specimen may be preservetl, 

203. Preparation by the action of nitric acid on bleaching 

powder. 20 a( 001)01 + 2Em, ^ OaOl^ + + 2 H 010 . 

Dilute nitric acid (1 vol. of acid to 15 of water) is slowly added 
to a clear solution of bleaching powder in water, with frequent 
stirring ; if performed with care and an excess of acid avoided, 
no chlorine is evolved by this addition of acid. The mixture 
may then be distilled from a retort, the distillate being dilute 
hypochlorous acid. 

204. By the action of carbonic acid upon bleaching powder, 
2 Ca(OGl)Gl 4 -H 20 O 3 =^ 0 a 0 l 2 4 - 0 aGO 3 4-2H01O. A stream of 
carbon dioxide is passed through a mixture of bleaching powder 
and water for five or ten minutes. On filtering the liquid a 
yellow solution is obtained, which may be shown to possess 
bleaching^’operties. 

The same reaction may also be shown by moistening a piece 
of litmus paper with a solution of bleaching powder and then 
breathing upon the paper. The paper, which is at first rendered 
blue, is gradually bleached by the liberated hypochlorous acid. 

205. Preparation by the action of chlorine upon calcium 
carbonate suspended in water. CaOOg + HgO 4 - 2 OI 2 = OaOlg 
4 - COg-h 2H01O . A stream of chlorine is passed through water 
containing precipitated calcium carbonate in suspension in an 
arrangement similar to that described in Exp. 202. Carbon 
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(tioxide is evolved, and a solution containing bypoclilorous acid 
and cfilciinu chloride is obtained. 

206, The bleaching action of Iiypoclilorons acid may be 
shown by dipping a strip of paper coloured with carmino into 
the acid obtained by Exp. 202. 

207. To show the action of silver oxide upon hypochlorous 
acid. Ag 20 + 2HG10 = 2 AgGl-hH 20 -h 02 . Three orfoiir grams 
of precipitated silver oxide are placed in a small flask fitted 
with a cork and delivery tube, and the flask filled to the neck 
with hypocblovons acid. On the application of a gentle heat 
oxygen gas is evolved, and may be collected at the pneumatic 
trough. 


CHLORIC ACID. HCIO3. 

208. Preparation from barium cMorate, ] 3 a( 010 g )2 -f H^SO^ 
= BaSO^ + 2 HCIO 3 . Dilute sulphuric acid is added to a solu- 
tion of barium chlorate until the barium is all precipitated as 
sulphate ; the solution is allowed to settle, and the clear liquid 
may be concentrated in vacuo over sulphuric acid. 

209. To show the bleaching action of chloric acid. The 
dilute acid made as above, but without being concentrated, may 
be added to a small quantity of water in a test tube tinted with 
aniline blue. On gently warming the liquid, the colour will ba 
discharged. 

210 . To show the action upon organic matter, An impure 
acid (probably containing perchloric acid) made be made by 
adding to 6 or 6 cubic centimetres of sulphuric acid (11 vols. of 
acid to 8 vols. of water), contained in a small beaker, about the 
same number of grams of powdered strontium chlorate in small 
quantities. On pouring a drop or two of the liquid so obtained 
upon filter paper which has been moistened with tui’pentine, the 
turpentine will be at once inflamed. 
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PEROHLOBIO AOID. HOlO^. 

811. Preparation from potassium perchlorate, 2K010^ 
+ HgSO^ =5 I^aSO^ + 2 HOIO 4 . Pure potassium perchlorate mixed 
with about five times its weight of strong sulphuric acid, is 
gently distilled in a small retort. A fuming liquid distils 
over, which may be collected in a te>st tube. 

As the distillation proceeds, a portion of the perchloric acid 
is decomposed into lower oxides of chlorine and water. The 
water thus formed combines with the first portions of the 
distillate, yielding a crystalline hydrate of the acid, having the 
composition HOlO^jHgO. The operation, therefore, should not 
be pushed too far ; and for the following experiments the first 
drops of the distillate are the best suited. 

Oare must be taken that the perchlorate is free from 
chlorate, and it is well to surround the apparatus with a glass 
screen. 

812. To show the action of perchloric acid ^npon water, A 
drop may be poured into water, or a small beaker containing 
water may be made to receive the acid as it drops from the end 
of the retort; each drop as it falls into the water combines 
with it with a hissing noise. 

213. To show the action of perchloric acid upon organic 
matter. A piece of wood is charred by being heated for a few 
moments in a flame, and a drop of the acid allowed to fall upon 
it; the drop decomposes with a sharp explosion. Charred filter 
paper will produce the same effect. 

214. To show the bleaching action of perchloric acid, A 
small quantity of the solution obtained by dissolving the acid 
in water may be added to a solution of aniline blue, when the 
colour will be instantly destroyed. 
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BROMINE 

215. Preparation from potassium bromide, Mn 02 + 2KBr 
^ 2112804 = MnSO^ + K 2 ®Q 4 + 21 X 20 + Bvg. A quantity of man- 
ganese dioxide is mixed with sulphuric acid, previously diluted 
in the proportion of 11 volumes of acid to 8 volumes of water, 
and the mixture poured into a retort. Crystals of potassium 
bromide are added, and the mixture gently warmed. The 
receiver should be surrounded with broken ice. 

216. To show the extraction of bromine by means of chlorine, 
Chloriue water is added to a solution of potassium bromide in 
a stoppered cylinder ; ether is then added and the mixture 
shaken together ; the ethereal solution of bromine rises to the 
surface, and may be separated by a separating funnel. 

217. To show the action of bromine upon metals. A small 
fraguient of antimony may be dropped upon bromine contained 
in a test tube j the metal inflames as it floats upon the surface 
of the bromine, burning with considerable energy. 

218. To show the difference between the behaviour of dry 
and wet bromine towards metals. A small quantity of bromine 
is put into a test tube and a few crumpled fragments of copper 
foil are dropped into it. No action takes place, but if a few 
drops of water are added the bromine at once attacks the copper 
with considerable energy, forming cuprous bromide. 

219. To show the bleaching action of bromine. A solution 
of bromine in water is added to water tinted with carmine, or 
litmus, when the colour will be discharged. 

220. To prepare tiie hydrate of bromine, BrgjlOHgO. 
Water which is saturated with bromine is placed in a test 
tube, and cooled by immersion in ice to which a sprinkle of 
salt has been added ; in a few moments the solid compound 
crystallises out. 
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HYDBOBROMIC ACID. HBr 

831. Formation ty brnming hydrogen in bromine vapour. A 
mall quantity of bromine is poured into a glass cylinderj and 
allowed to vapourise. A jet of burning hydrogen lowered into 
the cylinder continues its combuBtion, and clouds of hydro- 
bromic acid are evolved. 

222. By the action of water on phosphorus bromide. 
P-hSBr + fflsO^HaPO^ + bHBr. A flask fitted with a 
Pig. t?9. di'opping funnel and delivery tube bas 

placed in it 20 grams of red phosphorus 
and 40 o.c, of water. Bromine is allowed 
to drop upon this mixture from the funnel 
The addition of the first drops of bromine 
IS attended with the production of a lambent 
flame, but as the air becomes displaced the 
action goes on without this appearance of 
combustion. In order to remove from the 
hydrobromio acid the bromine vapour which 
is carried over with it, the gas may be passed through a (J tube 
containing red phosphorus. 

Fig. 69 represents a convenient apparatus for preparing 
and collecting this gas, which owing to its solubility in water 
must be collected either over mercury or by displacement. 

233. By the action of bromine upon melted paraffin. A 

quantity of solid white paraflSn is placed in a small flask fitted 
with a dropping funnel and delivery tube. The paraffin is 
melted and bromine slowly dropped upon it. An evolution of 
laydrobromio acid takes place, and the gas may be freed ft on 
bromine vapour, and collected as described above, A similar 
reaction takes place if tux'pentine is substituted for the paraffin. 

224. To prepare an aqueous solution of hyhrobromio acid. 
The gas prepared by Experiment No. 222 is passed directly into 
water contained in a ^^^ulfs bottle, but as, from the nature of 
this method for the preparation, the gas is not evolved 
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steady stream, but intermittently as the bromine is introduced, 
some device must be adopted to prevent the water from passing 
back into the flask. 

A convenient plan is to introduce a safety tube between tlie 
U tube containing the red phosphorus and the Woulf’s bottle. 
Fig. 70 shows such a safety tube, conaistiug of an ordinary 
Hhistle ^ funnel with a small bulb blown upon the stem, and 
bent up in the form of a U, a short piece of glass being blown 
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upon the end to form a T. A few cubic centimetres of mer- 
cury are placed in the bend of the tube. Gas cannot pass 
out until the pressure is great enough to lift the mercury up 
the straight stem into the thistle head, but on a slight reduc- 
tion of the internal pressure the mercury is drawn up into the 
little bulb, und air passes in. The tube n must be of such a 
length that the pressure required to raise a column of water 
up to the bend B shall be greater than that necessary to allow 
air to bubble past the mercury in the safety tube. 

Another method is to pass the gas through a tubulated 
retort, arranged as shown iA.fig. 71, The -gas enters through 
the tubulure, and the stem of the'/tetort dips three or four 



108 


OHEMIOAL LEOTUBE EXPERIMENTS 


ceutimetres beneath tlie surface of 'wat er ; in the event of tfce 
water being sucked back, it rises into the neck of the retort, 
and falls into the bulb, allowing air to pass up. 

225. A solution of liydrobromic acid may be conveniently 
made by the following synthetical process, viz. by passing a 
mixture of hydrogen and bromine vapour over a red-hot spii’al 
of platinum wire. For this purpose a glass tube, about 18 centi- 
metres long and 2 centimetres wide, is fitted at each end with 
an india-rubber cork, carrying a short straight piece of narrow 
tube. Through each cork a stout iron wire is passed. These 
wires are joined together by a short spiral of platinum wire, 
about 20 millimetres long. To put the apparatus together, one 
of the corks is inserted, with the Avires attached (see fig. 72), 
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and the projecting wire puslied into a pin-hole previously 
made in the other cork. When the wire is through the cork, 
the projecting end can be held by a pair of pliers, and the 
cork drawn along to its place in the glass tube. One end of 
tbe apparatus is connected to a small wash-bottle containing a 
quantity of bromine, throitgb which a stream of hydrogen can 
be made to bubble. The other end may be attached to a 
Woulfs bottle containing water, or simply to a delivery tube 
dipping into a beaker of water. Hydrogen is first slowly passed 
through the apparatus for one or two minutes, to sweep out the 
&ir, and the little platinum spiral is then heated to bright red- 
ness by means of an electric current. Complete combination of 
the hydrogen and bromine at once lakes place in contact with 
the hot wire, and perfectly colourless hydrobromic acid gas 
passes out from the tube, along with an excess of hydrogen. 
The supply of bromine vapour may be regulated by standing 
the bottle containing the bromine in warm water. About 
60°O, is a convenient temperature, and it will be seen 
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Fig. 73. 



tltit under these circn instances there is very little hydrogen 
escaping. So long as even a slight excess of hydrogen is 
passing (which is 
readily seen by the 
escape of bubbles 
through the water in 
the absorbing vessel), 
the issuing hydrobro- 
mic acid gas will re- 
main perfectly colourless and free from bromine vapour; it 
is therefore not necessary to scrub the gas through a tube 
containing red phosphorus. When the reaction is going pretty 
rapidly, a lambent flame occasionally makes its appearance 
in the neighbourhood of the platinum wire, but it shows no 
tendency to strike back along the narrow tube into the bromine 
bottle. If desired, however, the additional precaution may be 
taken of plugging this fine tube with a little piece of glass 
wool, which renders any inconvenience from this cause quite 
impossible. 


226. Hydrobromic acid in dilute solution may be prepared 
by passing a stream of sulphuretted hydrogen through bromine 
water, and filtering the solution to remove the precipitated 
sulphur. 


227. To show the solubility of hydrobromio acid in water. 
A cylinder is filled with the gas by displacement, and covered 
with a thick glass plate. On removing the plate under watei\ 
the water will rush into the cylinder and completely fill it. 

228. To show the action of chlorine upon hydi’ohromic acid. 
Two cylinders, one filled with gaseous hydrobromic acid gas, 
and the other with chlorine, ai^e placed mouth to mouth, and the 
plates withdrawn. When the gases mix, the brown vapour of 
bromine makes its appearance, and on inverting the cylinders, 
in order to mix the gases thoroughly, tlie action will be 
complete. 
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IODINE 

229. Preparation from potassium iodide. 2KI'fMn02 
+ 2 H 2 S 04 = K 2 y 04 + MnS 04 + 2H204-l2- This experiment is 
conducted in the manner described for the preparation of 
bromine. In this case it is not necessary to cool the receiver. 

230. To show the colour of iodine vapour. A few crystals 
are dropped into a large clean flask, which is warmed by a 
Bunsen. A smaller flask may be heated all over, and placed in 
the beam of the electric or lime light, and a few crystals of 
iodine introduced, when the violet colour of the vapour will be 
manifest on the screen. 

231. To show the dichroism of iodine vapour. A small 
quantity of iodine, about '25 gram, is put into a test tube, 
15 X 21- centimetres, and the tube drawn out and hermetically 
sealed. The tube is hung by a wire in a horizontal position 
in front of the lamp, and a narrow ray of^ light from a slit 
passed through it, an image of the slit being focussed upon the 
screen. On heating the tube the iodine vaporises, and the 
reddish violet colour will be seen. If the heat be continued, the 
colour loses its red tinge, and becomes a deep blue. Oare must 
be taken to avoid having an excess of iodine in the tube, or 
before the blue becomes visible the quantity of iodine vapour 
present may render the tube practically opaque to the beam of 
light. 

232. To show the action of iodine upon mercury. A small 
qiiaiitity of mercury and iodine are placed in a test tube and 
heated together. Combination takes place, and the iodide of 
mercury sublimes in the form of red and yellow crystals. 

233. The dimorphism of mercuric iodide may be shown in 
the following way : — A quantity of dry precipitated mercuric 
iodide is placed upon a piece of filter paper, and spread evenly 
over it by being rubbed Avith the finger. If the paper so coated 
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bi gently heated over a small rose burner, the reel compound is 
rapidly transformed into the yello^v crystalline variety. The 
instability of the yellow or rhombic prismatic form at the ordi- 
nary temperature may be illustrated by drawing across the 
paper a clean glass rod. Wherever the rod touches the paper 
it leaves a streak of the red or quadratic crystals. 

At low temperatures the yellow variety is the more stable, 
and if a piece of blotting-paper smeared with the scarlet com- 
pound be wrapped round a large test tube in which a mixture of 
solid carbon dioxide and ether is placed, the red crystals change 
to the yellow form. By allowing the paper to project below the 
tube the contrast is plainly visible. With the cold produced by 
liquid oxygen the change is still more marked. 

234, To show the action of iodine upon phosphorus. A few 
crystals of iodine are brought iu contact with a fragment of 
phosphorus upon a block of wood. The phosphorus at once 
inflames. 

236. To show that phosphorus and iodine do not react if the 
temperature is below that at which iodine gives off vapour. 
A fragment of phosphorus and a few crystals of iodine in separate 
test tubes are cooled by being placed in a freezing mixture of 
ice and calcium chloride. The cooled substances may then be 
mixed together and no combination takes place. If the tube 
containing the two elements be removed from the freezing 
mixture and allowed to become warm, combination takes place* 

236. The action of iodine upon starch may be shown by 
adding a few drops of a dilute solution of iodine, either in water 
or potassium iodide, to a quantity of dilute starch emulsion con- 
tained in a large glass vessel, ' . 

The starch solution is prepared by mixing a few grams of 
clean Avhite starch with a small quantity of cold Avater, to the 
consistency of a thin cream, and then rapidly pouring upon it a 
large excess of boiling distilled water. The operation is best 
performed in a beaker capable of holding forty or fifty times as 
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much water as was employ erl to mix with the starch in 
cold. 

237. The bhie colour obtained in the above reaction is dis- 
charged on the addition of a few drops of chlorine water. 

238. To show the effect of heat upon the blue compound 
When the solution is heated, the bhie colour gradually disappears, 
but returns again with somewhat less intensity when the solu- 
tion is cooled. For this experiment the starch solution should 
be largely diluted, and a small quantity of it filtered. To a few 
cubic centimetres of Ihe clear solution a slight excess of a dilate 
solution of iodine in potassium iodide is added. If the blue so 
obtained be too dark, the mixture is diluted with water until 
the colour is of the requisite intensity, [f a small quantity of 
this blue solution be gently heated in a test tube by being 
dipped in water at about 90°O., the colour will be rapidly 
discharged, and the solution become perfectly colourless. Upon 
dipping the test tube into cold water the blue colour is once 
more restored. 

It will be found that if there be an excess of starch pi^esent 
in the solution, the colour that returns is far less intense than 
is the case when the iodine is in excess. 

This experiment may be shown upon the screen, the hot 
water being contained in a glass cell ivibh parallel sides. 

239. To show the combustion of antimony in iodine vapour 
A small quantity of iodine is heated in a wide test tube, and 
powdered antimony is dusted into the vapour, when the metal 
will s])ontaueoasly ignite. The anilnKjny should be contained 
in a small muslin bag, as described iu Exp. 161. 
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HYDRIODIC ACID, * HI. 

240. Preparation by the action of water upon phosphorus 
iodide. P + SI + dHaO^HyPO^-f 5HL This may be done in 
a BiiuiUir apparatus to that used for hyclrobromic acid. A mixture 
of iodine and red phosphorus is placed in the dry flask, and 
water slowly dropped upon the mixture from the dropping fuainel. 
The gas may ])e collected by displacement. 

241. To prepare an aqueous solution of hydriodic acid see 
Hydrobromic Acid, Exp. 224, 

242. To show the solubility of hydriodic acid in water see 
Hydrobromic Acid. 

243. To show the action of chlorine upon hydriodic acid. 

Cylinders of the two gases are placed mouth to mouth and the 
covers removed. As the gases mix, iodine is liberated. 

244. To show the effect of heat upon hydriodic acid. A flask 
filled with gaseous hydriodic acid is closed with a cork carrying 
two stout copper wires, which are joined at their lower ends by 
means of a loop of platinum wire soldered to each. An electric 
current is passed through the wire of sufflcient strength to raise 
its temperature to dull I’edness, when the gas is decomposed and 
iodine vapour makes its appearance. 


OXIDES AND OXYACIDS OP IODINE 

245. Preparation of iodic acid by the action of nitric acid 
upon iodine. 3 HN 03 + I = Hp + N./),j + N02+ HIOjj. Two or 
three grams of iodine are placed in a flask, and about 40 c.c. of 
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fuming nitric acid (sp. gr. 1-5) added. On gently warming tlTe 
mixture, oxides of nitrogen are rapidly evolved, and white crystals 
of iodic acid separate from the liquid. 

(To purify the com pound the mixture is evaporated to dry- 
ness, carefully heated to 200'’0. to drive oft' all ex(;oss of nitric 
acid, dissolved in water and crystallised by evaporation.) 

246. To show the reduction of iodic acid hy sulphurous acid. 
2HIOg+ 5S0.^ + 4H20 = 5 H 2 S 04 H-l 2 . Iodic acid has no action 
upon starch, but when brought into contact with sulphurous 
acid it is reduced, iodine being liberated, which may be seen by 
the formation of the blue compound with starch. This reaction 
appears to require time in order to start, but when the action 
once begins it proceeds with great rapidity. Tlie phenomenon 
may be beautifully shown in the following way : — 

10 grama of iodic acid are dissolved in 1 litre of distilled 
water. A small quantity of water is saturated with sulphur 
dioxide by bubbling the gas through it for a short time. 
25 c.c. of this solution are diluted up to 1 litre with distilled 
water. These two standard solutions may be preserved. 50 c.c. 
of the standard iodic acid are added to 250 c.c. of distilled water 
in a large beaker, or cylinder, and a few c.c. of dilute starch 
emulsion added. 

50 c.c. of the standard sulphurous acid are diluted with 250 
c.o. water, and poured rapidly, to insure thorough mixing, into 
the solution of iodic acid. The mixture so obtained will remain 
colourless for thirty seconds, and then instantly, as with a flash, 
become blue throughout its entire mass. The interval of time 
which elapses before the reaction takes place can be lessened or 
increased by slight alterations in the dilution of the solutions. 


FLUORINE 

The preparation of fluorine, by the electrolysis of a sol 
of acid potassium fluoride in anhydrous hydrofluoric acid, is 
not very suitable for class demonstration, and should not be 
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bittern ptecl wit lion t the greatest care being taken to prevent any 
of the vapour of the acid or the gaseous products of its decom- 
position from escaping into the air of the roomd 


HYDROFLUORIC ACID, HF 

247. The anhydrous acid may be prepared by distilling, in a 
platinum retort at a dull red heat, previously dried and fused 
acid fluoride of potassium, and condensing the liquid in a plati- 
num condense!* immersed in a freezing mixture of ice and salt. 
Tlie intensely corrosive nature of this acid, and its extreme 
volatility, render it unadvisable to prepare it for class illustration. 
HF,lvF‘=KPtHF. 

248. To show the action of aqueous hydrofluoric acid upon 
glass. A sheet of glass is evenly coated with wax by brushing 
the melted wax over the warmed glass, and a design is then 
scratched upon tlie wax with the point of a fine steel knitting 
needle. If the glass be thinly coated it is quite easy to trace a 
design from a printed picture. 

A sheet of blotting paper the size of the glass is laid upon it, 
and sufficient hydrofluoric acid poured over it to soak the paper. 
After about fifteen to twenty minutes tlie paper is removed, 
and the wax washed off by pouring Jiot water over the plate, 
when the design will be found to be etclied into the glass. An 
image of the design may be projected upon the screen. The 
commercial acid supplied in gutta-percha bottles may be used 
for this experiment. 

249. To etch glass with gaseous hydrofluoric acid. A glass 
plate prepared as above is placed over a shallow dish or tray 
made of sheet lead, or a platinum dish in wliich a quantity of 
finely-powdered fluorspar lias been mixed with strong sulphuric 
acid. In about fifteen minutes the gas will have etched the 
design or writing. 

* Fur a duboription of M. MoHsan’a experiments see Ayin. Chim, Phi/s. [6] 
xil m. 
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SILICON FLUORIDE. 

250. To show the action of hydrofluoric acid upon silica or 
silicates. Si 03 + 4HJ]' = SiF^+2H20. Finely- powdered fluor- 
spar mixed with about its own weight of sand is placed in a 
glass flask fitted with a safety funnel and delivery tube (fig. 74) 
and strong sulphuric acid added. On gently warming the 
mixture, silicon fluoride is evolved. If it be intended to carry 
on the operation for any length of time, either a thick glass 
bottle or one of stone- ware should be used and heated in a 
water-bath, as an ordinary glass flask will be corroded through 
in about an hour. The gas may be collected by displacement 
in a thoroughly dry cylinder. 

261. To show the action of silicon fluoride upon combustibles. 

A lighted taper hiay be introduced into a cylinder of the gas, 
when the taper will be extinguished and the gas seen to be nou- 
inflammable. 

To show the action of silicon fluoride upou water. 

4H20 = 2 H 2 SiFy-|- SiH^O^. The gas is passed direct 
from the generator into water, when silicic acid will be seen to 
precipitate, and a solution of hydrofluosilicio acid is obtained. 
As the precipitated silicic acid would at once block up the 
delivery tube, it is necessary to prevent any water from gaining 
access to this tube. For this purpose mercury to a depth of two 
or three centimetres is first poured into the empty cylinder, and 
the dry delivery tube which dips beneath this mercury is then 
attached to the generating flask, and the cylinder then filled up 
with water. Each bubble of gas, as it rises through the mercuiy, 
and comes into contact with the water, is at once decomposed, 
and a little sack-like mass of silicic acid floats up to the surface 
of the liquid. If the heat be regulated so that the stream of gas 
is not too rapid, long stalactite-shaped masses of the silicic acid 
form upon the mercury, which often grow several centimetres 
long. 
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By arranging to perform this reaction in a narrow glass 
cell in front of ilie lamp, an image of these growing stalac- 
tites may be projet‘tt:cl upon the screen. 

263, To show the deposition of 
silicic acid in a moist glass tube. 
Two long pieces of glass tube are 
connected at one end by a short bent 
glass tube, as shown in fig. 74, both 
tubes being dry. When tlie experi- 
ment is to be performed, tube B is 
disconnected, and the inside moist- 
ened by breathing through the tube ; 
it is then replaced, and the flexible, 
tube E attached to the genefptiii^ 
flask. As the gas passes through the dry tube A it is not ^ 

but as soon as it eaters the bottom of tube B a white of 
silicic acid is deposited upon the glass, which steadily spreads 
up the tube as the heavy gas gradually rises to the top. 



NITROGEN 

FlillPABATIOI^, 

264, By burning phosphorus in an inclosed volume of air. 
A fragment of phosphorus is* placed in a small porcelain dish, 
which is floated in a trough of water ; the phosphorus is in- 
flamed and a bell-jar placed over it. As the flame dies out, the 
water rises in the bell-jar. It is convenient to employ a 
stoppered bell-jar, so that the gas may be more readily t-ested 
by means of a lighted taper. The bell must be depressed 
into the trough until the water outside is level with that inside, 
and then the stopper may be removed and a burning taper 
introduced. This experiment is not adapted for demonstrating 
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the relative volumes of oxygen and nitrogen in the air, as theft 
heat from the burning phosphorus at first expands the air in 
the bell-jar, and causes some of it to bubble out through the 
water, so that at the conclusion of the experiment the water 
will occupy considerably more than one-fifth of the volume of 
the vessel. 

265. By a modification of the above experiment, in which the 
proportion of oxygen to nitrogen in the air is demonstrated. A 
long glass tube about 2-1“ centimetres in diameter and 80 centi- 
metres long, is closed at one end, and fitted with a cork at the 
other. The tube is graduated into five equal volumes by means 
of india-rubber rings slipped over it. 

A dry piece of phosphorus is dropped into the tube, wliich is 
at once closed by the cork. The bottom of the tube is then 

Fm. 75. 



dipped into hot water, which melts and ignites the piece of 
phosphorus. The tube is now grasped near the bottom, and 
with a sudden jerk the melted phosphorus is flung along the 
entire length of the tube. In tins way the whole of the oxygen 
is at once consumed. On allowing the tube to cool and opening 
the end under water the liquid will rise to the first ring. 

In performing this experiment care must be taken to employ 
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^•aflicieni phosphorus to How .the whole length of tlie tube, for 
shuiihl it not bum flown the entire length some of the oxygen 
is liable to escape combination. 

^ 866. By absorbing the oxygen from an inclosed volume of air 
with cuprous chloride. A small cpuiiitity of cuprous chloride is 
poured into a stoppered cylinder, which is then closed and 
allowed to stand for a few hours. The absorption may be 
hastened by a gentle agitation of the cylinder, in order to 
moisten the sides of the vessel. The colourless cuprous chloride 
solution rapidly darkens as it absoi'bs the oxygen. The cylinder 
should be opened beneath the surface of water, whicli will enter 
to replace the absorbed gas, and the nitrogen may be tested by 
the usual method. (For Ouprous Chloride see Acetylene, No. 
4(5 i.) 

257. By absorbing oxygen fi:oin the air by heated copper. 
A piece of combiistiun-tube is packed with rolls of copper gauze, 
and lieated to redness in a gas-furnace. A stream of air is 
passed over it, the air being contained in a gasholder, and 
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nitrogen is collected at the pneumatic trough. This experiment 
may be made roughly volumetric, by passing a measured volume 
of air through the tube, and measuring the gas collected. For 
this purpose two cylinders of equal size, and about 1 litre 
capacity, are graduated into five equal parts. One of them is 
fitted with a cork carrying two tubes ; one descending to the 
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bottom of tlie vessel, and tlio otlier passing jnst through the 
cork. I'he air from this cylinder is displaced luul passed over 
the heated copper by allowing a slow stream of water to enter 
by the longer tube ; the issuing gas is collected over water in 
the second cylinder. When the air has been entirely expelled, 
and the cylinder is completely filled with water, it will be seen 
that the gas collected in the receiving cylinder only occupies 
four of the five volumes. 

Note. If, at the conclusion of the experiment, and while 
the tube is still hot, a stream of hydrogen or coal gas be passed 
through the tube for a short time, the oxide of copper which 
has been formed will be reduced, and the tube will thus be 
ready for use again. 

258. By passing air and ammonia over red-hot copper. Air 
from a gasholder is made to bubble through slrong ammonia in 
a Woulfs bottle, and thence throngb a tube contaiuing heated 
copper gauze, The issuing nitrogen should be collected over 
water which has been acidulated with a small quantity of sul- 
phuric acid. In this experiment the copper does not become 
oxidised, the oxygen being taken up by the hydrogen from the 
ammonia, so that the tube may be used as often as desired. 

'^269, By the action of heat upon ammonium nitrite. 
NH4N02=2H20 + N2 or NH,0H-NaNO2 = Na01 + 2H20 + N,. 
A small quantity of ammonium chloride (about 10 grains is a 
convenient weight) is placed in a small flask fitted with a cork 
and delivery tube, and about one and a half times its weight of 
sodium nitrite added ; the flask is about one fourth filled with 
water, and the mixture gently warmed. When the reaction sets 
in, the lamp may be removed, and the action allowed to continue 
without further application of heat. Should the effervescence 
become too violent, a small dish of cold water may be brought 
up under the flask, which at once checks the action. 

J 260. By heating a mixture of ammonium chloride and potas- 
sium bichromate.^ (N + 4H,0 -h Ng. A mixture 
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of iLe two salts, in tlie proportion of one part of ammonium 
chloride to three of potassium bichromate, is introduced into a 
short piece of combustion-tube, closed at one end, and iitted at 
the other with a corlc and delivery tube. The tube should be 
licld in a horizontal position and heated by means of a Bunsen, 
and the gas collected over the pneumatic trough. 

*^61. By the action of chlorine upon ammonia. 4 NHj^-H 301 — 
SNH^Ol 4- N. Into one neck of a W oulfs bottle is fitted a straight 
piece of glass tube, as wide as the neck will conveniently allow ; 
the tube passes nearly to the bottom of the bottle, and .may 
extend about the same distance above ; into the top of this tube 
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is fitted a cork with a small tube bent at right angles, by means 
of which connection is made with the chlorine apparatus. Into 
the second neck of the bottle an exit tube is fixed, also made of 
wide glass tube. A second Woulfs bottle, similarly fitted with 
wide glass tubes and filled with broken glass moistened^ with 
water, is necessary to wash the gas from the ammonium chloride 
which is produced in the reaction. The object of fitting the 
apparatus with tubes of large bore is to prevent stoppage from 
the deposition of ammonium chloride. 

The finst Woulf’s bottle is about two-thii’ds fiUed with strong 
ammonia solution (sp. gr. *880), and a rapid stream of chlorine, 
which should be first washed through water, is passad through 
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it. As each bnhhle of clilorine enters into the ammonia thf 
combination is attended by a feeble yellowisli flame, which is 
best seen in a darkened room, and a rapid stream of nitrogen 
is evolved. TJiis reaction must not be allowed to proceed until 
the ammonia is all decomposed, as at that point the dangerous 
compound, nitrogen chloride, begins to form ; for this reason it 
is well to employ a somewhat large quantity of the ammonia 
solution. 

262. To show the behaviour of nitrogen towards combustibles, 

A lighted taper may be introduced into a vessel containing 
the gas, when the flame is extinguished, and the gas is not 
inflamed. 

^ 263. To show the combination of nitrogen and oxygen by the 
action of electric sparks, A three-necked glass globe, of about 
200 c,c.' capacity, is connected 
capable of producing a pres- 
sure of a few atmospheres. The 
remaining two necks are fitted 
with corks carrying glass tubes 
to which platinum wires are 
sealed. A stream of electric 
sparks is passed into the in- 
closed am, and the pressure 
gradually increased by means 
of the pump. In the course of 
a short time the air within the 
globe will be seen to be dis- 
tinctly coloured with the oxides 
of nitrogen, which will be the 
more visible if the vessel be 
placed upon a white surface. It is necessary to wire the corks 
into the several necks. 

264. This experiment is more strikingly shown by employing 
a glass cylinder fitted mth plain glass ends, and passing a ray 
of light through its length, the light being received upon the 


to a small condensing syringe 
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scleen. For tliis purpose a cylinder about 6 or 7 centimetres 
wide and 3U centimetres long, 1ms two small holes drilled into 
it near the raiddle, and opposite to each other ; into these holes, 
which are readily cut by means of the point of a triangular file 
with a little fine emery and turpentine, two platinum wires are 
inserted. This may be done by passing each \Wre tlirougli a cork, 
one end of which is slightly hollowed 
to fit the curved side of the cylinder, 
to which it is attached with a little 
cement. Very convenient ends or caps 
for the cylinder may be made of the 
covers of ordinary round glass-covered 
specimen boxes. 

The cylinder' is placed in front of 
the lamp and a parallel beam of light 
passed Ihroiigh it. By means of a focussing lens, an image of 
•the end farthest from the lamp is projected upon the screen, 
and a stream of electric sparks passed between the two wires. 
Tlie white colour of the disc upon the screen will be seen to 
rapidly become }^llow and then brownish in colour as the 
passage of the sparks is cuntiuned. "While the light is still 
passing, one of the caps may be removed from the oylindei^, 
and the gaseous contents rapidly swept out by means of a 
stream of air fi'om a foot-bell o\vb, when the original white 
colour of the light will be seen in striking contrast. 

*Jr266. To show the combination of nitrogen with oxygen by 
the action of the oxy-hydrogen flame. A jet of hydi’ogen is 
burnt in air containing an excess of oxygen, and the gaseous 
pi’oducts tested with starch and potassium iodide. For this 
purpose a common fish-tail burner is fixed upon the end of a 
piece of iron or brass pipe inserted through a cork. Over the 
cork is fitted a wider piece of glass tube, which forms a jacket 
to the metal tube, and ends at the base of the burner ; through 
the same cork is fitted a short piece of small glass tube, 
through which oxygen can be passed. A small flame of 
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liydi’ogeu is burnt at tlie jet, and a gentle stream of oxygen 
allowed to pass in until the flame shows round its base the 
bluish colour characteristic of its combustion in oxj^gen, A 
clean dry cylinder is then inverted over the 
flame for a few seconds, to allow of the col- 
lection of the products of combustiou, and 
a strip of moistened ^ starch paper ^ intro- 
duced, when the paper will be instantly 
rendered blue. The quantity of the oxides 
of nitrogen produced is sufficiently abundant 
to be readily perceived by the smelL 

If the products from this combustion bo 
collected as already described (Hydrogen, 

Exp. 24), the acidity of the water may be 
demonstrated, as well as its action upon 
potassinm iodide and starch. 

866. To show the combination of nitrogen 
with oxygen by the action of burning mag- 
nesium. A strip of magnesium ribbon from * 
six to ten centimetres long is folded up and 
attached to a deflagrating spoon ; the metal is igiiited and 
lowered into a clean dry cylinder, and there allowed to burn 
itself out. On introducing a moistened starch paper into the 
vessel the blue colour will at once be produced, 

Should it be desired to test the contents of the cylinder by 
means of a solution containing starch and potassium iodide in 
place of the paper, a few drops of very dilute sulphuric acid 
must be added. 

267, To show the combination of magnesium with nitrogen. 
When powdered magnesium is strongl)^ heated in nitrogen, the 
metal combines with the gas forming magnesium nitride. 
NjMgg. A piece of combustion tube about 18 c.m, long is 
drawn out at one end, and the narrow portion bent at .right 
angles ; to this is attached a piece of small tube about 70 c.m. 
long, which dips into a small beaker containing coloured wafcer^ 



Fig. so. 
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small quantity of magnesium filings is placed in the combus- 
tion tube, and a brisk stream of nitrogen passed througli the 

tube to sweep out iiW the ah\ The 
tube containing the metal is then 
gently heated with a Bunsen, while 
a slow stream of nitrogen is still 
passing. When the temperature of 
the metal approaches to redness, the 
passage of the nitrogen is stopped, 
and the Bunsen replaced by a Hera- 
path blowpipe, which is being gently 
fed with oxygen. This quickly 
raises the temperature of the magne- 
sium to the required degree, and the • 
absorption of the nitrogen begins to 
take place as indicated by the rapid 
rise of the water in the tube, As 
the liquid reaches the top of the 
tube a little more iiitrogen may be 
allowed to enter, and in this way 
the absorption of the gas may be continued for some time. 

268, The decomposition of the magnesium nitride by hydro- 
gen, and the formation of ammonia, may be demonstrated by 
passing a gentle stream of hydrogen through the tube while 
the nitride is still warm. The tube conveying the nitrogen is 
disconnected from the reservoir containing that gas, and con- 
nected to a hydrogen bottle, and a slow current allowecl to pass 
over the compound. The long tube dipping into the water is 
removed, and the issuing gas allowed to impinge upon turmeric 
paper, when abundant evidence of the presence of apiraonia 
will be seen. 

869. The nitride may also be decomposed by water, with 
the formation of ammonia. Nglfgg + 3H20 = 3Mg0 -f 2NH^. V 

For this purpose the nitride may be transferred to a test tube 
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and warmed with a little water, the ainnwnia being shown by 
means of turmeric paper. 

270. To show the combustion of lithium in nitrogen. When 
the metal litliinm is heated to dull redness in a stream of 
nitrogen it undergoes a feeble combustion , combining with the 
gas to form lithium nitride NLig. 

A small quantity of lithium, contained in a shallow boat 
made, of thin sheet iron, is placed in a piece of combustion 
tube, and a stream of nitrogen passed over it. On heating the 
tube by means of a Bunsen the lithium combines with the 
nitrogen, the combination being attended with a feeble glow, 
^In a few minutes the whole of the metal will have become 
burnt. 

As in the case of the magnesium above described, if a 
stream of hydrogen be passed through the tube while it is 
still being heated, torrents of ammonia will be evolved, which 
may be rendered evident by means of turmeric or red litmus. 


ARGON 

^271. The actual isolation of argon is a process which 
occupies too long a time to allow of it being conveniently em- 
ployed as a lecture experiment. The principle involved, how- 
ever, in the two methods for separating atmospheric nitrogen 
from argon may be illustrated. The removal of nitrogen by 
means of magnesium may be exemplified by means of Experi- 
ment No 267, described on p. 124, where the absorption of this 
gas by powdered magnesium was shown. The method of 
spaa'Mng a mixture of air and oxygen, and the absorption of the 
nitroxygen compound by potash, may be shown in the following 
way, A small tubulated glass basin (which may conveniently 
be made by cutting down an ordinary narrow-mouth bottle) is 
fitted with a cork through which pass two glass tubes. Through 
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these tubes pass two platinum wires, which are fused through 
the upper ends of the tubes. The ends of these wires are melted 
ill an oxyhydrogen Ihune so as to obt.ain a little knob of platinum 
on the end of each (this prevents the wires becoming so quickly 
heated when tlie sparks are being passed). A solution of caustic 



oxide is absorbed by the potash. 
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AMMONIA. NHa 

t.v 272. To show the synthetical formation of ammonia. For 
this purpose the ozone apparatus already described (Ozone, 
Exp. 61) may be used. A mixture of three volumes of hydrogen 
and one volume of nitrogen is made in a small gasholder, and 
the gas^ after bubbling through a small wash-bottle containing 


Fig. 83. 



dilute sulphuric acid, is slowly passed through the apparatus 
and exposed to the electric discharge. The issuing gas is made 
to bubble through NesaleFs solution contained in a narrow 
cylinder bottle standing upon a white surface. When the gas 
has been passing for some little time, the Nessler’s solution will 
gradually become tinted of a yellowish-brown colour, which may 
be contrasted with a similar bottle containing some of the 
unacted-upon solution. The action 'being slow, the passage of 
the gas should be allowed to continue for half an hour or 
longer. 

273, Preparation of ammonia gas from the solution. Strong 
ammonia solution (sp, gr. *880) is placed in a flask fitted with a 
cork carrying a mercury safety funnel and a delivery tube; the 
gas is passed through a W^oulf’s bottle filled with fragments of 
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quicklime, aud may be collected over 
displacement. 


mercurv. 


or by upward 


'' 274. Preparation of ammonia by the action of lime or soda 
lime upon nitrogenous organio matter. Horn shavings, gelatin, 
or glue is mixed with soda lime du a dry flask or test tube and . 
gently heated. Ammonia in abundance is evolved, which may 
be seen by allowing the escaping gases to impinge upon moist 
turmeric paper. 

276. Preparation of ammonia from ammonium chloride. 
2NH,01 + OaH^O^ OaOI^ + 2 H 3 O -f 2 NH 3 . Ammonium chlor- 
ide mixed with about half its weight of lime is gently heated 
in a flask. The gas may be collected by displacement, or a 
solution in water may be made; in the latter case the gas 
.should be first passed through a small empty three-necked 
Woulf’s bottle fitted with a mercury safety funnel, and then 
into two others in series, which are half filled with water. 


276. To show the lightness of ammonia, A cylinder of the 
gas may be poured upwards into an inverted beaker, suspended 
from the beam of a balance. (See Hydrogen, Experiment 13.) 

Or a collodion balloon may be filled with the gas, and 
allowed to ascend. 


277, The behaviour of ammonia towards combustible^ may 
be shown by introducing a lighted taper up into an inverted 
cylinder of the gas. If the taper be cautiously introduced, the 
combustion of the ammonia round the flame of the taper, with 
its characteristic yellowish flame, will be seen. When thrust 
into the gas, the taper is extinguished. 

To show the combustion of ammonia in oxygen. A 
shoiij piece of wide glass tube, about 12 centimetres long and 
4 centimetres diameter, is fitted at one end with a cork, carrying 
two tubes, bent at right angles. One of these passes just through 
the cork, while the other extends to the end of the outer glass 
cylinder, the latter tube being in tlie centre of the cork. A 

K 
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small flask containing strong ammonia solution, and fitted T^itKa 
cork and delivery tube, is connected to the central tube, and 
a moderate stream of ammonia 
made to issue by applying a 
gentle heat to the flask. On 
applying a lighted taper to the 
issuing ammonia, its curious be- 
haviour as regards combustibility 
may be seen. If a gentle stream 
of oxygen be now caused to 
enter the apparatus by the short 
tube, the ammonia readily ignites 
at the jet, and continues to burn 
with a yellowish-brown coloured 
flame. In order to distribute the 
oxygen, and cause it to surround 
the central tube, a little plug 
of cotton wool may be packed 
loosely into the apparatus. As 
soon as the oxygen supply is cut 
off, the flame of the burning ammonia languishes and dies out. 
In order to prevent the flame from being tinged yellow by the 
hot glass jet, and the true colour of the burning ammonia being 
thereby masked, it is well to insert into the jet a small roll of 
platinum foil, which should project slightly beyond the 
glass. 

279. To show the oomhustion of ammonia in chlorine. A 
little strong ammonia solution is heated in a flask, to which is 
connected by a flexible tube a bent-glass jet. On lowering the 
jet into a jar of chlorine the gaseous ammonia spontaneously 
ignites, and continues burning with yellowish flame. 

280, To show the decomposition of ammonia hy heat, A 
stream of the gas is passed through a heated tube, and the 
mixed nitrogen and hydrogen collected over water acidulated 
with sulphuric acid. 
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If a furnace be used iu wbicli to lieat the tul^e, a piece of 
narrow iron gas pipe answers veiy well^ but if the experiment 
is to be made upon a small scale, a short platinum tube (see 
Experiment 7), heated by a Bnusen lamp, will giye an ex- 
cellent result. A piece of hard glass tube may be substituted, 
but with a smaller effect. 

281. To decompose ammonia by electric sparks, and show 
the volume composition. Into the closed limb of a U-shaped 
eudiometer is introduced a quantity of ammonia gas. (For the 
method of filling the tube, see Water, Experiment 74.) 

The eudiometer is divided by bands into two parts, one 
liund marking the volume of the included gas when the merciny 
is at the same level in both limbs, the other being placed at 
twice tlie distance from the top. On passing a stream of 
electric sparks, the gas at once expands, partly owing to the 
heat and partly to its decomposition. The sparks may be 
continued for a few minutes, the gas being allowed to remain 
under the increased pressure caused by the rising of the mercury 
in tlie open limb^ as this accelerates its decomposition. When 
the action is finished, and the tube allowed to become cold, it 
will be seen, on levelling the mercury by running the excess 
away by the side tube, that the volume of the gas lias doubled. 
The gas may be decanted into the open limb of the eudiometer 
by first filling with mercury, and then closing the end with the 
thumb, and inverting the apparatus. When all the gas has been 
passed into the open limb, a lighted taper may be applied to 
.show that hydrogen is present in sufficiently large proportion to 
enable the gas to burn. 

V 282. To show the volumetric composition of ammonia. A 
straight glass tube, about 50 centimetres lung, is fitted at one 
end with a cork, carrying a stopcock and two stout copper wires. 
To the ends of these wires is fastened a platinum wire wound 
into the form of a conical spiral, which can be heated by the 
passage of an electric current. This platinum spiral, which is 
practically a little basket or cage (fig. 84), is filled up with frag- 
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menfcs of copper oxide. The oxide made from wire answers 
very well. The tube is graduated into four equal parts by means 
of india-rubber rings, the bottom one being about 10 centi- 
metres from the end of the tube. The platinum cage must not 
reach further into the tube than the top division, The tube 
is stood in a trough of water, dipping one or two centimetres 
beneath the surface, and a stream of the mixed gases, 
obtained by passing ammonia through a red-hot tube, 
is passed in by the stopcock at the top until the air in 
the tube has been entirely swept out. The gases should 
be passed through a Woulf s bottle, containing dilute 
sulphui’ic acid, to wash them free from any undecom- 
poaed ammonia before being delivered into the eudio- 
meter. When the tube is filled, the stopcock is closed, 
and the tube lowered in the trough until the water 
outside is level with the lowest band on the tube, 
and the pressure restored by momentarily opening the 
cock. The platinum cage is then heated by means of 
an electric current, and as the copper oxide becomes warm the 
hydrogen is absorbed. When the action is completed and the 
tube allowed to cool, the water will have risen to the top band, 
three volumes of hydrogen having been absorbed, and one of 
nitrogen remaining. 

283 . To show the volumetric composition by means of chlorine. 
2NH3 + 80 l 2 = 6H01-lN2. A glass tube about one metre long, 
closed at one end, and divided into three equal volumes by 
means of india-rubber rings, is fitted with a cork carrying a 
small sboppei’ed dropping funnel. The tube is filled with 
chlorine by collection over a saburated solution of salt in water, 
and the cork inserted. A few cubic centimetres of strong 
ammonia solution are poured in the funnel, and allowed slowly 
to enter into the tube drop by drop. As the first two or three 
drops fall into the tube, it will be seen that the combination is 
attended with a feeble flash of light. When the decomposition 
is complete, the funnel is filled np with water acidulated with 


Pig. 84. 
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sulphuric acid, and a glass tube bent twice at right angles is 
fitted by means of a small piece of caoulohouc tube into the 
neck of the funnel, the other end of the ‘tube dipping into a 
beaker of water. On opening the stop- 
cock, water will be drawn in, filling two 
thirds of the tube. The remaining one 
volume may be shown to be nitrogen, by 
introducing a lighted taper. This one 
volume of nitrogen was therefore in com- 
bination with the three volumes of hydro- 
gen which have now combined witli the 
three volumes of chlorine originally con- 
tained in the tube. The resulting hydro- 
chloric acid, in the presence of the excess 
of ammonia, forms the solid ammonium 
chloride, and therefore ceases to have any 
volumetric significance. 

284. To show the volume composition 
of ammonia by electrolysis. A solution 
consisting of one volume of strong am- 
monia (sp. gr. '880), and ten of a saturated 
solution of salt in water, is subjected to 
electrolysis in any convenient electrolysis apparatus (see Water, 
Experiment 78) by a current of 5 to 10 Gh’ove^s cells. The 
gases will be evolved in the proportion of three to one. 

285. To burn potassium in ammonia. A gentle stream of 
ammonia is passed over a fragment of potassium contained in a 
combustion bulb. On applying a gentle lieat by moans of a 
Bunsen lamp, the potassium bursts into flame, and the hydrogen 
may be inflamed as it issues from the txibe. 

286. To show the solubility of ammonia in water. (See 
Hydrocliloric Acid, Experiment 193.) 

J 287. To show cold produced by the evaporation of ammonia 
solution. A small wide-necked flask containing a quantity of 


Via 85 . 




184 


CHEMICAL LECTURE EXPERIMENTS 


strong ammonia solution is placed upon a wooden block, upon 
which a few drops of water have been poured, and a rapid 
stream of air from* a foot bellows blown 
through it. In a few moments the flask will 
be frozen to the block. 


y 288, To liquefy ammonia by cold and 
pressure, On a small scale this may be 
shown by Faraday’s method. (See Liquefac- 
tion of Gases, ExjDeriment 644.) 

On a larger scale liquid ammonia may 
be obtained by passing tlie gas, evolved from the strong aqueous 
solution, through a cold U tube, under the pressure of an extra 
atmosphere. 

A quantity of strong ammonia is placed in a strong round- 
bottomed flask, fltted wnth a cork, through which pass two tubes. 
One of these is bent at right angles, and is connected with a 
U tube, having a stopcock on each limb. The other is bent twice 
at right angles, and is of such a length that it can reach to the 
bottom of a wide tube about a metre long, 
which is nearly filled with mercury (fig. 87), 


The coi'k is securely wired into the flask 
and^a gentle heat applied, the air being 
allowed to escape thi'ough the U tube, which 
is surrounded with a freezing mixture of ice 
and calcium chloride. The cock upon the 
limb of the U tube furthest from the flask 
is then closed, and as the internal pressure 
gradually increases bubbles of gas will escape 
through the column of mercury. If the 
temperature of the freezing mixture be below 
— 20® 0, and the column of mercury as 
much as 7 GO mm,, liquefaction of the gas 



rapidly takes place in the U tube. The heat should be so regu- 
lated that only a very little gas escapes through the mercury. 
When sufficient liquid has been collected the lamp is -removed, 
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Mie second cock closed, and the mercury tube gently lowered in 
order gradually to reliov’-e the iulornal pressure witliiii the flask, 
'Ihe U tube may then be disconnected and removed from the 
freezing mixture. 

’ 289, To liquefy ammonia by cold. A stream of ammonia gaa, 

obtained from the strong solution, is passed thiough a gas- con- 
densing tube (see Liquefaction of Gases, Exp. 649), which is 
immersed in a mixture of solid carhou dioxide and ether, A 
convenient vessel for the purpose is a boiling tube, just large 
enough to admit the condensing tube, round which is wrapped 
ii piece of flannel or gi'een baize. The tube is about half filled 
with ether, and a quantity of solid carbon dioxide introduced. 
A rapid stream of ammonia gas may be passed through, as at 
the low tempertiture of ihe bath condensation is very complete. 

' 290. To show the solubility of sodium or potassium in liquid 
ammonia. The liquid ammonia for this experiment may be 
prepared as above, but as it is necessary for the liquid to be as 
dry as possible, the ammonia should be passed through a Woulfs 
bottle containing quicklime before it is condensed. The tube 
containing the liquid is removed from the liath, and a fragment 
of potassium introduced ; the metal is instantly dissolved, form- 
ing a deep indigo blue solution. The solution cannot be pre- 
served, as in a short time the ammonia is acted upon by the 
potassium. 

V 291, To show the oxidation of ammonia by means of heated 
platinum, A spiral of platinum wire, which may be conveniently 
hung from a piece of asbestos cardboard, is heated and suspended 
in a jar containing a few cubic centimetres of strong ammonia. 
The wire at once begins to glow, and white fumes of ammonium 
nitrite are formed. On blowing oxygen very gently into the 
top of the jar, by introducing a delivery tube Ihrough a hole cut 
in the cardboard, ruddy fumes begin to appear, and on increas- 
ing the supply of oxygen the platinum becomes hotter, hydrogen 
is evolved, and a small deflagration results, 
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392. To sliow the comhination of ammonia with hydrochloric 
acid. Two cylinders, one filled with gaseous hydrochloric acid 
and the other with ammonia, may be placed mouth to mouth, 
when combination at once takes place with the formation of solid 
ammonium chloride. 

The formation of ammonium chloride may also be shown by 
passing gaseous hydrochloric acid into a strong solution of 
ammonia. The vessel containing the ammonia should be placed 
in another vessel of cold water, and the ammonium chloride 
u?rystallises out as it is formed. 

393, To show the volumetric combination of ammonia with 
hydrochloric acid. Exactly equal volumes of the two gases are 
separately collected in two small graduated cylinders over mercury. 
The contents of one cylinder are then decanted np into the other, 
care being taken that no gas escapes. When the entire quantity 
has been transfei’red, the second cylinder is carefully removed 
from the trough by means of a glass plate, when it will be seen 
to be completely full of mercury, the whole of tlie gas having 
disappeared. 

294. To show the heat evolved by the union of ammonia with 
hydrochloric acid gas. A large flask, having two side tubulures, 


Em. 88. 



is connected by one to a hydrochloric acid apparatus, and by the 
other to an ammonia-generating apparatus, The first of these 
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pieces of apparatus should bo fitted with a three-* way tube, so 
that the stream of hydrochloric gas can be stopped or regulated 
at will. Into the mouth of the flask a loosely-fitting cork is 
inserted, carrying a long tube with a bulb blown upon the end, 
and in which a small quantity of ether is placed. The cork 
must not completely close the flask ; it should therefore be either 
bored with a second hole, or have a channel cut upon its“ side. 
A stream of hydrochloric acid and one of ammonia are allowed 
to enter the flask, and as they combine to form the white clou(^ 
ammonium chloride sufficient heat will be generated to evai: 
the ether contained in the little bulb, and the vapouj 
inflamed as it issues from the end of the tube. 


The , experiment can be performed in an ordinary flask, 
instead of the more expensive vessel described. In this case 
the tubes delivering the two gases must pass through the cork 
which also carries the bulb. One tube should extend nearly to 
the bottom of the flask, while the other, which conveys the 
Ixy drochluric acid, should reach only about one-third of the way 
down. • 

/ m. To prepare the so-called animomum amalgam, An 
amalgam of mercury and sodium is first prepared by gently 
pressing a few fragments of sodium into a mortar containing 
some mercury, by means of the pestle. The combination of the 
two metals takes place with some energy, and unless the sodium 
is buried beneath the surface of the mercury it is liable to ignite 
and be thrown out of the mortar. The liquid amalgam is then 
poured into a large dish half filled with a moderately strong 
solution of ammonium chloride, which may be slightly warm. 
The metallic mass at once swells outs and floats upon the liquid 
as a sponge, at the same time evolving large quantities of 
ammonia gas, which may be shown by holding a turmeric paper 
over the dish. 


290, To show that liydrogen is evolved from the ' amalgam,’ 
a lump of it is placed in a cylinder full of water, and the cylinder 
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then inverted in a dish or trough, the amalgam being prevented 
from escaping by means of a ground-glass plate ; bubbles of gas 
will be seen to rise from the metal as it gradually shrinks in 
bulk, and by the application of a taper it may be demoDitrated 
that the gas is hydrogen. 

297. To show the effect of pressure upon the < amalgam.* 

A small quantity of 'sodium amalgam is poured into a solution 
of ammonium chloride contained in a glass cell, which is con- 
nected to a small compression pump, an image of the cell being 
thrown upon the screen (see Carbon, Exp. 397). The amal- 
gam of sodium should be of such a composition that the ‘ ammo- 
nium amalgam ’ which is formed will only just float up ; this is 
arranged by trial- About 2 c.c. of the sodium amalgam are added 
to a sample of the ammonium chloride solution, and if the 
amalgam that is formed is too buoyant a small quantity of the 
Sodium amalgam is diluted with mercury until a suitable strength 
is obtained. About 2 c.c. of tbe amalgam is sufficient for the 
experiment. It is thrown into the cell, and the top quickly 
screwed down. The amalgam then floats \v[j to the surface of 
the liquid, and on subjecting it to a little pressure, by one or 
two strokes of the condensing pump, it will be seen to shrink in 
bulk, and sink in the liquid; on releasing the pressure the 
mass instantly re-expands, and again floats up to the surface. 


HTDRAZOIC ACID 

Azoimide. Ngll. 

298. Preparation by inorganic reactions. This interesting 
substance may readily be obtained, in quantity sufficient to 
illustrate some of its most remarkable properties, by heating 
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eodiiim in dry atmnonia gas, and then acting on tlio sodamide 
so produced, by nitrous oxide. These two reactions yield tlie 
sodium salt, from which the acid itself can reAdily be obtained. 


1. NHg + Na 


2 . 


NaNHa+H 

' (a) NaNHa 4- N^O == NalSTg + 

(/ 3 ) + 4 NH 3 


A small quantity of sodium (1 to 1^ grams) is placed in a silver 
boat, and introduced into a short piece of combustion tube closed 

Fia* 88 a. 



at one end, and tlii'ough which a stream of dry ammonia can be 
passed (hg. 88a). The ammonia is dried by being passed 
through two large U tubes containing pieces of quicklime, one 
smaller one filled with caustic potash, and finally through a 
tube coutaiiiing pieces of metallic sodium. 

As soon as the air is all expelled from the apparatus the 
tube containing the boat is gently heated with a Bunsen lamp, 
when the sodium melts and presents a perfectly bright silvery 
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surface. In a few moments dro^DS of a greenish-brown liquid 
begin to collect on the surface of the metal — this is the sodamicle 
in a state of fusion, and if the stream of ammonia is not too 
rapid, the hydrogen which passes out of the apparatus may be 
inflamed at the exit tube. In a short time the whole of the 
sodium will be conyerted into the amide. When this point 
is reached the lamp is removed, and the drying-tubes are dis- 
connected. 

The next stage of the process consists in heating the 
sod amide to 200 ° 0 . in a stream of nitrous oxide. 

The nitrous oxide (which is moat conveniently derived from 
a cylinder of the liquefied gas) is bubbled through sulphuric 
acid, and then passed through the tube containing the sodamide. 
The tube may be heated by means of a fiat-flamed Bunsen 
placed at some little distance below it, and the temperature 
may be controlled either by lashing a thermometer to the tube 
or holding it alongside by means of a clamp. The temperature 
should be kept about 200 °, and should not be allowed to rise 
above 260°. The reaction (which takes about an hour for its 
completion) is accompanied by the evolution of ammonia, and 
is complete when this gas is no longer given off. 

The tube is then allowed to cool, and the contents dissolved 
out with a small quantity of water. The solution is acidified 
with dilute sulphuric acid and the mixture distilled in a small 
Wnrtz flask connected to a condenser, until the distillate is no 
longer acid. The distillate consists of a solution of hydrazoio 
acid, which in a cool dark place can be preserved. 

299. To show the combination of hydrazoio aoid with 

ammonia. ’ If a portion of the acidified 

liquid prepared for distillation in the above experiment be 
heated in a test tube, and a glass rod moistened with ammonia 
be held, near the month of the tube, white fumes of the ammonium 
salt, or N 4 H 4 , will be obtained. 

300 . To show the explosive nature of the salts of hydrazoio 
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acid. Tlie most convenient compound is tlie silver salt Silver 
nitrate solution is added to a small portion of the solution of 
the acid, obtained as described above, when ‘a white curdy pre- 
cipitate of silver hydrazoate (AgNg) is at once thrown down. 
The precipitate, after being washed upon a filter, is collected 
together with a little wooden splint or a bone spatula, and 
gently pressed between blotting paper to remove the excess of 
water. It should then be placed in small quantities on separate 
pieces of filter paper to diy. On gently heating one of these 
over a small flame, the compound explodes witli an extremely 
sharp report. A quantity of the salt equal in bulk to a split 
pea is quite enough to produce a very considerable explosion. 


NITROUS CHLORIDE- NOlg? 

301. For lecture demonstration this substance should only be 
prepared on a very small scale, and the compound exploded as 
fast as it is formed. This may be safely achieved in the follow- 
ing way, 

A glass cylinder about 15 centimetres long and 6 centimetres 
wide is closed at one end by means of a piece of bladder tightly 
stretched over it. A convenient apparatus is made by catting 
the foot ofiP an ordinary gas-collecting cylinder, and tying the 
bladder over the lipped end. The cylinder is stood upon three 
pieces of cork in a small glass dish nearly filled with a satu- 
rated solution of ammonium chloride ; the cylinder is then half 
filled with more of the same solution. (Fig. 89.) 

A platinum electrode, fused into a glass tube which is filled 
up with mercury, is placed within the cylinder, and a second 
electrode is placed in the dish , below the cylinder. After the 
’electrode has been put into the cylinder, a shallow layer of 
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tTurpentin© is floated on tho surface of the aqueous solution. 
It is necessary that the electrode does not come in contact 

with the tiirpentinej so that it 
must not be introduced ajter the 
turpentine has been -poured in. 
This electrode is the a connected 
with the positive wire from a 
battery consisting of 10 Grove’s 
cells, the negative wire being con- 
nected to the electrode in the dish. 
The chlorine which is evolved at 
the positive plate reacts upon the 
ammonium chloride, producing 
nitrous chloride, which as fast as it is formed is floated up by the 
bubbles of gas, and, coming in contact with the layer of turpen- 
tine, is decomposed with a slight crackling noise. Occasionally 
the decomposition is attended with a small detonation, which 
often inflames the turpentine. 

Care must be taken that no mistake is made in connecting 
the electi’odes with the battery, for, should the outside plate by 
accident be made the positive electrode, dangerously large 
quantities of the compound might accumulate in the apparatus 
Jpefore the mistake was discovered. 



NITROGEN IODIDE 

NHIg. * 

302. This substance is best prepared by digesting powdered 
iodine for a few minutes in strong ammonia (sp.gr. ’880), the 
mixture being stirred with a stick of wood, or a small wooden 
spatula. 

3NH3 + 2l3=NHl2 + 2NH4I. 

After a short time the mixtui’e is filtered, and small quan- 
tities of the solid substance placed upon filter paper, and 
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left to dry spontaneously. So long as the compound is moist 
it is nob explosive, but when perfectly dry it explodes with 
very slight cause; for this reason three or fbnr little quantities 
of the substance should be put on separate blocks of wood, and 
placed at spine distance from each other, so that should one of 
them be exploded by a fly, or a falling particle, the others may 
not be affected by the shock. When quite dry the extreme 
explosibility of the compound may be shown by touching one 
of the small heaps with a feather tied to a stick. If a few 
minute particles of the substance, in the damp state, be thrown 
upon a sheet of paper, and then allowed to dry, a sudden puff 
of breath upon them, strong enough to blow them along the 
paper, will make them all explode. 

803. To show the action of light upon nitrogen iodide. A 

small quantity of the compound is placed in a test tube, the 
end of which has been sumewhnt enlarged by being slightly 
blown out in the foim of a bulb, and the tube filled up with 
dilute ammonia. When the powder has entirely settled to the 
bottom, the tube is placed in a broad glass cell containing 
water, and an image of the tube projected upon the screen by 
means of the electric light. As the light continues to shine 
upon the tube, bubbles of gas will be seen to be disengaged 
from the solid at the bottom of the tube. The object of immer- 
sing the tube in a vessel of water is twofold — viz., to prevent 
the heating of the liquid by tlie lamp, and also to enable a 
better image of the tube to be thrown upon the screen. 


OXIDES OP NITROGEN 

I^miOUS OXIDE. NgO. 

801 Preparation from ammonium" nitrate. NH 4 N 03 = 
21130 + N^O. A quantity of the crystallised salt is placed in 
a small flask fitted with a delivery tube. Ou the application 
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of a gentle heat, the salt melts and rapidly breaks up into water 
and nitrous oxide. The gas may be collected over warm water. 

305. To show the behaviour of nitrous oxide towards ordi- 
nary combustibles. A lighted taper thrust into a cylinder of the 
gas burns with increased brilliancy. 

306. A piece of phosphorus contained in a deflagrating 
spoon, when ignited and introduced into nitrous oxide, burns 
much as it does in oxygen. 

307. A piece of sulphur (see Oxygen, Exp, 46) when just 
ignited may be extinguished by being thrust into a cylinder of 
nitrous oxide. If the sulphur be withdrawn, and allowed to 
burn freely in the air before being placed in tbe gas, it will 
then continue its combustion with considerable energy, 

308. To distinguish between oxygen and nitrous oxide. Two 
tall cylinders are each half filled with nitric oxide over water ; 
into one of them a cylinder of nitrous oxide is decanted, and to 
the second a similar cylinder of oxygen is added. In the latter 
case the addition of the oxygen results in the formation of 

Eiu 90 . brown fumes, which are rapidly absorbed by the 
water, the volume of the gas diminishing as oxygen 
is added. In the former case no colouration results, 
and the volume of the gas is merely increased by the 
amount of nitrous oxide added. Oare must be taken 
that the nitrous oxide is free from air. 

For liquefaction of nitrous oxide, see Liquefaction 
of Gases, 

309. To coUect liquid nitrous oxide from a cylin- 
der of the condensed gas. For this puipose a 
Bpecially-constructed jet is employed, consisting of a 
fine steel capiUaiy tube, attached to a wider elbow 
tube, which can be screwed to the metal cylinder or 
bottle. The fine jet is thimst 6 or 7 centimetres into the 
open end of a glass tube closed at the bottom, and rather longer 
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than a test tube, which should be held in a clamp. On gently 
releasing the cock of the bottle, a stream of the liquefied gas 
will be driven into the tube. 

In sealing the end of the tube a very slight enlargement 
should be made by gently blowing out the closed end. The 
object of this is to make the lump of solid mercury (obtained 
in Exp. tSlO) rather larger than the rest of the tube, so that the 
tube may be inverted without the metal dropping out until it 
has partially melted. 

310. To freeze mercury with liq[uid nitrous oxide, A few 

cubic centimetres of luercuiy may be poured into the tube 
containing the liquid collected as above ; the mercury will at 
once solidity. 

311. To show the oombustion of charcoal upon the surface of 
liquid nitrous oxide. A fragment of charcoal about the size of 
a pea is ignited at one point in a gas flame, the charcoal being 
held by a pair of forceps, and then dropped into the tube con- 
taining the liquid. The charcoal bursts into active combustion, 
and dances about Vipon the surface of the liquid. This experi- 
ment may be done after the freezing of mercury, and while the 
solid metal is still in the bottom of the tube. 

If the tube be now inverted over a plate, the mercury will 
be seen to be frozen into the tube, and if left for a few moments 
the solid lump will drop out upon the plate. 

312. The composition of nitrous oxide may be shown by 
burning a fragment of phosphorus in a measured volume of the 
gas. This is conveniently done in the apparatus described on 
page 197 for showing the composition of carbon dioxide. The 
globe is filled with nitrous oxide by displacement, and a small 
fragment of phosphorus is placed upon the little spoon i)<nd 
lowered into the apparatus. The phosphorus is ignited by 
means of the wire heated by t-he passage of an electiio current, 
and after it has combined with the oxygen, and the tempera- 
ture has cooled, the volume of the residual nitrogen will be 

L 
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found to be the same as tliat of the nitrous oxide originally 
present. « 

313. The volume of both the nitrogen and the oxygen 
present in nitrous oxide may be shown by exploding equal 
volumes of nitrous oxide and hydrogen. Equal volumes of these 
two gases are introduced into the closed limb of a U~shaped 
eudiometer, in the manner described on page 41, and the 
mixture exploded as there explained, but without heating the 
tube with amyl alcohol vapour. On readjusting the level of 
the mercury the residual nitrogen will occupy half the volume 
of the mixed gases — that is, the same volume as the nitrous 
oxide originally present. Tlie hydrogen, equal in volume to 
the nitrous oxide, will have united with half its own volume of 
oxygen to form water. Therefore the volnrae of oxygen present 
in^he nitrous oxide is equal to half the vdtume of the nitrous 
oxide. 


NITRIC OXIDE. NO. 

314. Preparation by the action of copper upon nitric acid. 

3Cu + 8 HNOjj=30u(N 03)2+4H20 + 2NO. A quantity of cop- 
per clippings is placed in a two-necked Woulf's bottle, fitted 
with a thistle funnel and a delivery tube. Water to the depth 
of about one-fourth of the bottle is introduced, and about the 
same volume of strong nitric acid added. A rapid evolution of 
gas soon results, and all the gas required should he collected 
at once, for, as the reaction proceeds and the amount of copper 
nitrate in solution increases, gradually increasing quantities of 
nitrous oxide are produced. On this account it is well to collect 
all the gas in one vessel^ and to test the purity of it roughly by 
taking a small sample of it in a cylinder and gradually adding 
oxygen to it. The oxygen combines with the nitric oxide, and 
the products of the combination dissolve in the water; the 
residual gas, therefore, represents the amount of impurity present 
in the gas, 
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315, Preparation by the action of sulphuric acid upon a 
mixture of potassium nitrate and ferrous sulphate. 2 KNO 3 - 1 - 
GFeSO, + 5II,SOj:=2HKSO, + 3Pe2(SO,)3 + + 2NO. A 

mixture of the two salts, in the proportion of about four of 
ferrous sulphate to one of nitre, is placed in a small flask pro- 
viih‘d with a dropping funnel and a delivery tube. Water ia 
added to tho Siilt s, and strong sulphuric acid dropped upon the 
mixture from the funnel, a gentle heat being applied to the 
flask. A steady evolution of very pure nitric oxide takes 
place, 

316 To show the action of oxygen upon nitrio oxide (sea 
Nitrous Oxide, Exp. 80S). 

317, To show the behaviour of nitrio oxide towards 
combustibles. A lighted taper introduced into the gas is 
extinguished. 

318, A fragment of phosphorus, when feebly burning, is 
extinguished when plunged into nitric oxide. The phosphorus 
contained upon a deflagrating spoon is touched at one point 
by a warm wire, or blade of a knife, and instantly lowered into 
the gas, when it will be extinguished. On withdrawing the 
spoon and allowing the phosphorus to get into active combus- 
tion, and again lowering it into the gas, it will be seen to burn 
brilliantly. 

319, To show the combustion of carbon disulphide vapour and 
nitrio oxide. A small glass bulb containing a few cubic centi- 
metres of carbon disulphide is dropped into a cylinder of nitric 
oxide and the plate quickly replaced. If the bulb is not broken 
by its fall, it may be readily fractured Jpy being shaken forcibly 
against the bottom of the cylinder. The vapour at once diffuses 
itself into the nitric oxide, and on applying a lighted taper to 
the contents of the vessel combustion of the mixtm^e results, 
accompanied by a bluish light of intense brilliancy, the light 
being particularly rich in actinic rays. It is convenient to 
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keep a supply of these bulbs containing carbon disulphide ; the 
bulb is blown upon the end of a short piece of tube, having a 
long capillary stem. ’ As each one is blown, nud while still hot, 
the stem is dipped into a bottle of carbon disulphide, which as 
the bulb cools will be drawn up into it, and the stem can then 
be sealed off by a fine blowpipe flame. 

The quantity of carbon disulpliide to be nsed will obviously 
depend upon the capacity of the cylinder employed for the 
experiment, and should be arranged by a previous trial ; it will 
be found that about 6 c.c. of the disulphide to a litre of the gas 
gives the beat result, 

320. The absorption of nitric oxide by a solution of ferrous 
sulphate, with the formation of the dark-brown colouration, may 
be shown by allowing a few bubbles of the gas to pass into a 
quantity of a solution of ferrous sulphate contained in a tall 
cylinder. 

321. To show the composition of nitric oxide. This may be 
done by heating a spiral of iron wire to bright redness in a 
measured volume of the gas. 

For this purpose a glass tube, about 50 centimetres long 
and 22 mm. bore, is fitted at one end with a cork through 
which pass two stout copper wires; by means of two small 
binding screws, the ends of these wires are connected together 
with a spiral of iron wire (fig. 91), the spiral being about 40 
mm. long. 

Two india-rubber rings are placed upon the tube, marking 
two equal volumes measured from the top, the space between the 
rings being about 18 ceij^iraetres. The spiral should reach to 
within about 2 centimetres of the upper ring, which will insure its 
being far enough from the cork uot to over-heat it. The tube is 
filled with nitric oxide over water down to the second ring, the gas 
being obtained by the ferrous sulphate and nitre method (Exp. 
315). An electric current is then passed through the spiral, 
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and the temperature of the iron gradually raised by regulating 
the strength of the ciiiTent ; the wire slioukl not bo raised to 
tlio point of visible redness until the walls 
of the glass tube round it and above it are 
quite warm, aud free Iroin wet upon the 
inner surface. Tlie current may then be in- 
creased until the wire shows abright-redheat, 
at which temperature it must be maiutaiued 
for 15 or 20 minutes. When the reaction 
is complete aud the whole allowed to cool^ 
the water should rise to the upper ring, 
showing that the nitric oxide contains half 
its own volume of nitrogen. To sliow that 
the residual gas is nitrogen, the tube may 
he removed from the pneumatic l<rougli aud 
inverted, and the gas tested by means of a liglited taper - if the 
decomposition has been complete, there will be no appearance 
of red fumes on opening the tube to the air. 

As iron wire is liable to contain appreciable fpiantities of 
occluded hydrogen, it is weH to Iieat the spiral for a short time 
before using it, and to shake off tlje lihu of oxide w’hich is 
formed, 

NITROGEN TRIOXIDE. N^Og ? ^ 

322. A few lumps of arsenious oxide are placed in a flask 
fitted with a delivery tube, and a quantity of strong nitric acid 
added. On gently warming the acid a rapid evolution of a 
brown gas takes place. This gas is a mixture of nitric oxide 
and nitrogen peroxide in varying proportions, resulting from 
the following reactions, which go on simultaneously : — 

As, 0 , + 4 HNO 3 = 2 As A, + 2 H ,0 + 2 NO + 2 m,. 

As.O, + 8 HN 03=2 As A + ^H^O + SNO^. 

’ There is considerable difference of opinion a® to wheiher the compound 
obtained by this reaction is nitrogen trioxide, the existence of NjOa being a 
matter of some uncertainty. 
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If tbe gaseous product from the action be passed thi'ough a 
gas-condensing tube (see Liquefaction of Gases, Exp. 649) 
immersed in a freezing mixture of ice and salt, or ice and 
calcium chloride, a blue liquid is obtained, which is believed to 
be the compound nitrogen trioxide, N 2 O 3 . 

323. To show the formation of ammonium nitrite by the 
oxidation of ammonia (see Ammonia, Exp, 291), 

324. To show that nitrous acid is both an oxidising and a 
reducing agent. A dilate solution of a nitrite is acidulated 
with dilute sulphuric acid and divided into two portions. A 
dilute solution of magenta is added to one portion ; the magenta 
becomes oxidised and its colour discharged. To the other por- 
tion some dilute solution of potassium permanganate is added, 
which is reduced by the nitrous acid and its colour thereby 
destroyed. If the coloured solution in each case be contained 
in an ordinary wash-bottle, and poured in a thin stream into 
the acidulated liquid, the extreme rai:)idity of the reaction will 
be strikingly shown. 

NITROGEN PEROXIDE. NO^. 

326, Preparation from lead nitrate, Pb(N 03 ) 2 =Pb 0 + 0 -f 
2 NO 2 . A quantity of lead nitrate, which has been roughly 
powdered and carefully dried in an oven, is introduced into a 
Wurfcz flaBk, the branch tube of which is bent at right angles 
to the neck, and connected to a condensing tube immersed in 
a freezing mixture. The neck of the flask is closed with a cork, 
and a gentle heat applied to the salt; nitrogen peroxide is 
evolved, which condenses in the cooled tube. The liquid 
obtained will probably be blue (depending upon the degree 
of dryness of the lead nitrate). In this case a stream of dry 
oxygen should be passed through it while still cooled, the 
oxygen being admitted through a glass tube drawn , out to a 
capillary tube. In a short time the blue colour will disappear, 
and the liquid will appear a pale straw colour. 
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326. Nitrogen peroxide may also be generated by acting 
upon tin with nitric acid. 6Sn + 20HN03 = Sn^(HO)jo’h 
5H.p-h20NO2, A quantity of granulated tin is placed in a 
Husk provided with a thistle funnel and delivery tube. Sti’ong 
nitric acid is added, when a rapid evolution of gas results. The 
gas may be led through a small empty Woulfs bottle, and 
thence into a large dry tlask, in which it can be collected by 
displacement. 

327. To show the effect of heat upon nitrogen peroxide. A 
quantity of nitrogen peroxide is delivered into a flask, the neck 
of which has previously been drawn out before the blowpipe, 
and tlie neck is then sealed up. If the flask be cooled, the 
colour of the gas becomes less deep, approaching to a straw 
colour, and on warming the flask by means of a Bunsen the 
gas rapidly deepens in colour until a rich dark-brownish red is 
reached. This experiment may be made in front of the lamp, 
a ray of light ])eiiig passed through the flask. As the flask is 
laailed, the gradual darkening of the colour of the gas is seen 
by the disc uf light upon the screen becoming more and more 
red, until tiiial]y*it is nearly obscured. 

NITROGEN PENTOXIDE. N^O,. 

328. Preparation by the action of phosphorus pentoxide upon 

nitric acid. 2HNO3 + P.^0;.^ = 2HP03 -j- N2O5. ^ quantity of 

phosphorus pentoxide is introduced into a small tubulated 
retort, and fuming nitric acid (sp.gr. 1'5) added until the 
mixture is of the consistency of thick ]3aste. The contents of 
the retort are then gently heated, when nitrogen pentoxide distils 
off, and may be condensed as a white crystalline substance in 
a receiver placed in a freezing mixture. 

NITBIO ACID. HNO3. 

329. Preparation from nitre and snlphuinc acid. KNOg-f 
H2S04=HKS04 + HN03. Equal weights of nitre and sul- 
phuric acid are 'introduced into a non-tubulated retort. About 
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GO grains of nitre in crystals are first placed in tlie retort, 
and the same weight of snlphtiric acid poured upon it by means 
of a funnel with a long stem, reaching right down the neck of 
the retort in order that the acid should not touch the sides. A 
gentle heat is applied, and the nitric acid which distils over is 
condensed in a fiask, which is cooled by being immersed in a 
dish of cold water. In this reaction the acid which is distilled 
is nearly colourless, and only a slight appearance of brown fumes 
is seen within the retort. 

330. To show the preparation of nitric acid, using an excess 
of nitre, and thereby forming the di-potassium sulphate, and 
causing the decomposition of a portion of the acid into oxygen 
and nitrogen peroxide. 

2KNO3 + H^SO, = 2HNO3 ' 

2 HN 03 -H, 0 -f 2N02-h0 

Sixty grams of nitre iire introduced into a retort, and half 
tliat weight of sulpliuric acid added as described above. The 
neck of the retort is fitted 
by means of a ring of caout- 
chouc into a small tubulated 
receiver, the tubulure of which 
carries,^ delivery tube dipping 
into a pneumatic trough. On 
the first application of heat, 
nitric acid distils ovei’, much 
as in the above experiment, 
but as the operation proceeds the mass in the retort thickens, 
brown fumes are rapidly disengaged, along with oxygen, which 
can be collected over water, in which the nitrogen peroxide 
will all dissolve. 

331. The decomposition of nitric acid by heat into nitrogen 
peroxide and oxygen may be strikingly shown in the following 
manner. A long clay tobacco-pipe is an’anged as shown in the 
figure, with the mouthpiece just dipping beneath the water of 
the trough. The stem is made red hot at one point bv means 
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of a Bunsen, and a little strong nitric acid is poured into tlie. 
bowl. The first drops tliat reach the healed spot are decomposed, 

Fig. d2A. 



and the gaseous products, finding less resistance to their exit 
through the small depth of water in the trougli than througli 
tile acid above them in the bowl, liuhble steadily out by the 
long stem. The peroxide is dissolved by the water in the 
trough, but the oxygen can be collected in a cylinder. 

332, The oxidising ]X)\ver of nitric acid may be illustrated 
by pouring a small quantity of ibe fuming acid (sp.gr. I'o) 
upon a quantity -of sawdust contained in a iilatiuuiu dish, 
which has been gently lieated over a rose burner until the 
wood has become dry and jusi- begun to char. On pouring a 
small quantity of the acid upon it, it at once bursts into fiame. 
Further illustrations may be seen in the action of nitric acid 
upon arsenious oxide, phosphorus, and various metals. 

333. To show the oxidising power of potassium nitrate. A 

quantity of nitre is heated in a Florence flask to a temperature 
well above its melting-point, and a small fragment of charcoal 
about the size of a pea, which has been just ignited at one point, 
is dropped in; the charcoal at once hursts into flame, and 
dances about upon the surface of the melted salt. 

In like manner a fragment of sulphur, without being pre- 
viously ignited, may be dropped into melted nitre, when a very 
brilliant combustion takes place. In this case the nitre may 
be melted in a test tube, there being no gain in the large sur- 
face of melted salt, as in the case of the carbon. 


I 
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THE ATMOSPHERE 

334. To show the suspended impurities in the air, a parallel 
beaui of oleclric light (see Lantern IllnstrationsJ is allowed 
to pass throngli the air of a darkened room. The track of 
the beam will be rendered visible by the suspended matter 
lloating about, much of which, when thus strongly illuminated, 
may be distinctly seen as an infiuhe number of distinct particles. 

335, To show that a ray of light, passing through air from 
which the suspended impurity has been removed, is not visible. 

An oblong-shaped glass box is made by binding pieces of glass 
together by means of strips of brown paper pasted along the 
edges. Before finally closing it np, a small quantity of glycerine 
is Buiearecl over the bottom, after which the box is completed, 
and allowed to stand for some hours or a day or two. The 
suspended matter gradually settles and sticks to the glycerine. 

If this box be lield in the beam, the track of the ray as it 
traverses the air within the box is perfectly invisible ; its path 

Fio, ua. 



being only visible in the air of the room as it approaches and 
leaves the box (fig, 93). 

336. To show that solid matter can remain suspended for a 
long time in the atmosphere. For this purpose a number of 
Bunsen lamps are lighted and placed in various parts of the room, 
and a quantity of sodium oxide discharged into the atmosphere. 
This may be conveniently done by placing a fragment of sodium 
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upon a wet piece of filter paper in a plate ; the metal almost 
immediately takes fire, producing a cloud of smoke of the oxide. 
A bell-jar should be in readiness to cover the burning sodium 
before its combustion is completed, in order to prevent the fused 
globule of caustic soda which is formed from being thrown about. 
As the cloud of oxide diffuses itself throughout the room, the 
Bunsen flames become infected, and show the characteristic 
yellow produced by sodium compounds. 

337. To show the effect of heat upon the suspended matter in 
the air, A Bunsen flame is held immediately below the beam 

of electric light. The beam for 
this purpose may be made to 
converge, and the lamp placed 
below it at a point where it is 
concentrated. There will be 
seen rising tli rough tlie beam 
what appears like black smoke, 
Imt what is in reality air which 
has been so far deprived of its 
suspended matter, by the heat 
of the flame, that it is unable 
to reflect light, and therefore the beam is at that point invisible, 
just as in the case described in J^lxperiment oB5. 

Instead of a flauie, a simi- 
lar effect may be produced by 
holding a hot poker, or, better, 
a soldering bit, beneath the ray, 
but in this case the eftecfc is less 
pronounced, 

338. A large proportion of 
the suspended matter, pre- 
su mably the liquid portions, 
may be removed by the heat of 
a flask of hot oil. If a quantity of olive oil be heated in a flask, 
and the flask be brought immediately beneath tlie beam of light, 


lau. U5. 



Fig. 94, 
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especially if a cone of paper be placed over the flask in order to 
concentrate the rising current of heated air, the same appear- 
ance may be seen; 

339. The suspended matLer may be filtered out of the air by 
means of cotton wool. A wide glass fcubej about 30 centimetres 
long, is packed with cotton wool. One end of the tube is fitted 
with a cork with a smaller tube, to which a piece of caoutchouc 
can be attached. To prevent the wool from being blown out of the 
tube when air is sent through it, a ring of coi'k should be pushed 
into the open end. If a gentle current of air be sent through 
fche tube, and the filtered air be passed into the beam, it will be 
seen to show the same blackness as in the cases above described. 

For this experiment the air may be blown through the tube 
from the lungs, or a foot bellows maybe used; in the latter case 
the stream of air should be regulated by a screw clamp upon 
the caoutchouc tube, and not by the bellows themselves. 

340 , It may be shown tliat the last portions of air exhaled 
from the hmgs the act of respiration arc in a like inauiier 
de[)riv{>d of a portion of the suspended mattt^r. A long expira- 
tion is made through a glass tube into the narrow part of the 
beam ; at first the exhaled air appears as full of suspended 
matter as the surrounding atmosphere, but as those portions of 
air are discharged wliich have been longest in contact with the 
lungs, they will be seen to produce a similar effect upon the 
beam as the air which has been filtered through cotton wool. 
It is well to slip a short piece of caoutchouc tube over the end 
of the tube which is brought near the beam of light, in order to 
prevent any light from being reflected from the edges of the 
tube, wliich in this experiment will be brought up close to the 
beam, as any scattering of light from this cause would make it 
difficult to see the dark stream of aii* ascending through the 
beam. 

341. To show the influence of suspended matter upon the 
formation of fog. A large ‘bolt-head’ flask is fitted with a 
caoutchouc cork, canying two short tubes, wliich pass just 
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tlirough the cork. One of these is connecieJ to an air-puinp 
by means of a piece of wire-lined caoutchouc tube ; to the other 
tube is attached a wider glass tube, about eontiiuctres long, 
which is packed with cotfou wool, a screw clamp being placed 
upon the shoi*t conuectiiig piece of caoutchouc lube which imites 
this filtering tube to the flask. The inside of the flask is 
moistened by introducing a small quantity of water, and tlie 
cork inserted. The apparatus may then be allowed to stand for 
at least twenty-four hours, communication with the outer air 
being closed, when the suspended mutter in the air within the 
flask will have settled ; or the flask may be exhausted by moans 

EIO. 



of the pump, and air allowed very slowly to re-enter tlirnugh 
the filter tube. By repeating this operation once or twice the 
air in the flask will be almost entirely deprived of suspended 
matter, and when placed in the pabli of a strong beam of light, 
the absence of the suspended nmtter may be seen by the invisi- 
bility of the beam as it traverses tlic flaslc. If, while the air is 
ill this condition of comparative freedom from suspended im- 
purity, cue or two rapid strokes of the pump be made, the 
cooling effect of the sudden expansion of the air within the 
flask will result in the deposition of moisture (the air being 
saturated), and it will be seen that the moisture is deposited in 



lo8 


CHEMICAL LECTURE EXPERIMENTS 


the form of a fine rain, cliatiactly visible in. the strong light ; it 
will also be noticed that this fine shower of rain is hardly more 
than of momonlaiy duration. If the screw clamp be now opened, 
and air allowed slowly l/O enter through the filter, to replace 
that which was removed by the pump, the same experiment may 
be once more performed. If now the filter tube be disconnected, 
and unfiltered air from the room be allowed to enter the flask, 
even in very small quantity, and the experiment once more 
repeated, a dense fog will immediately make its appearance in 
the flask, wliich will persist for a considerable time. 

If a minute trace of coal smoke, or smoke from burning sulphur, 
be allowed to enter the flask (which may be done by replacing 
tlie filter tube by an ordinary funnel, and holding this for a 
moment over the burning material so as to catch a little of the 
products of combustion in the inverted funnel, and then opening 
the screw clamp in order that they may be drawn into the flask), 
and the air once more rarefied, it will be seen that the fog that 
is now produced will be much more permanent than the former. 

342. The fact Qial air is ponderable may he demonstrated by 
weighing a flask filled with air, and the same flask from which 
tlie air has been exliansted. 

A round and moderately thick glass flask lias fitted into its 
mqntb, by means of a cnoutcbouc cork, a brass stopcock which 
can be screwed to an air-pump. The flask is then partially 
exhausted and countei’poised upon a balance ^ on opening the 
cock and allowing air to enter, the balance will show the increase 
of weight due to the entering air. With a moderately delicate 
balance (such as that described under Hydrogen, Exp. 18), the 
weight of the air which can be easily withdrawn from a flask by 
the lungs alone can readily be shown. An ordinary flask of 
about two litres capacity is fitted with a cork carrying a glass 
stopcock ; a portion of the air within the flask is sucked out, 
and the flask counterpoised. On opening the cock the increase 
of weight by the re-enteriug air will be seen by the descent 
of the arm of the balance which carries the flask, 
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343. The prp?^sure exerted by the atmosphere may be rIiowo 
by withdra^YiTlg 1he air from beneath a stretched membrane, 
either of india-rubber, or of bladder. A thin sheet of rubber or 
a piece of bladder is tied over the nioulli of a short giass 
cylinder, which is ground to lit upon an air-pump phde. As 
the air is exliausted from below the niombrauo, and tlie weight 
of the atmosphere above begins to bt3 felt, in the case of the 
rubber, it will be pressed down into the cylinder more and more, 
until it finally breaks; while with the bladder the rupture is 
sudden and almost explosive^ 

The ^ Magdeburg hemispheres,^ the ^ sucker/ and a number 
of other iustrunients, may be used to illustrate the same fact. 

344, The effect of the pressure of tlie atmosphere in support- 
ing a column of mercury may be shown by completely filling a 

ulass tnl^e about 900 miilimotres long with 

Em 07 ^ 

mercury, and inverting the tube into a trough 
i containing mercury, lly surrounding ilie trough 

witli an air-puiiip receiver and gradually ox- 
liiwsting the air, the column of mercury in the 
tube will be seen to fall until, wdien Ihe air is 
practically all withdrawn, the uu^rcury in the 
tube will be level with that in the trough; on 
allowing air to re-enter, tlie mercury once more 
ascends to its former height of about 700 milli- 
metres. The mercury should he contained in 
a beaker, lai'ge enough to hold all that is in the 
long tube without overliowing ; a small tubu- 
lated bell-jar is lowered over the tube, and fitted 
to it by means of a caoutcliouc cork previously 
slipped over the tube. 

346, To show the volume composition of the 
air by means of phosphorus. (See Nitrogen, 
Exp. 265.) 

346. To show the volume composition of air hy means of an 
alkaline solution of pyrogalloL A graduated eudiometer, bent 
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as shown in lig. 98 ^ with the short limb of rather wider tube 
than the rest, is filled with air nearly down to the bend ; the 
eudiometer is then' lowered down into a tall cylinder of water, 
in which a thermometer is suspended. When 
the tube has acquired the temperature of the 
water it is raised by means of a string attached 
to an india-rubber ring upon the tube, until the 
level of the water in the tube is the same as 
that in the cylinder, and the volume of the gas 
read off. It is then withdrawn from the cylinder, 
and by means of a pipette as much of the water 
is removed from the open limb as can be taken 
without allowing air to enter the eudiometer ; 
the limb is then half filled with a strong solu- 
tion of sodium or potassium hydroxide, and 
then filled up nearly to the top witli a solution of 
pyrogallol, and a caoutchouc stopper inserted in such a way that 
no air remains between it and the liquid. The inclosed air is 
then agitated with the solution for a few moments, when the 
stopper is removed under water in a trough or basin and the 
dark liquid allowed to fiow out. The tube is then replaced in 
the cylinder, and the volume of the gas read off with the same 
precautions as before. 

347. To show th^ presence of carbon dioxide in the air 
see Carbon Dioxide, Exp. 400. 

348. To show the presence of aqueous vapour in the air. 
A glass vessel in which a freezing mixture is contained is seen 
to become rapidly covered with hoar frost. If it be desired to 
collect liquid water condensed from the air, a round-bottomed flask 
may be filled with broken ice, and suspended over a glass dish 
or beaker; the condensed aqueous vapour will run down the 
sides of the flask and drop into the beaker below. 



349. The aqueous vapour present in the air may also be 
shown by aspirating air through U tubes filled witli desiccatimr 

Ci 
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agents, and wlncli have been co\ini-erpoised upon a balance. 
Three U tubes tilled with pinnice, moistened with sulphnric 
acid, are joined in series and counterpoised. They are then 

connected to an aspirator, 
and a stream of air drawn 
til rough them for a short 
time. On again discon- 
necting them from the 
aspirator they will be 
found to have increased 
in weight. This experi- 
ment may be made roughly 
({uanlitative by aspirating 
a known volume of air 
through the tubes, either 
by means of a ^swivel aspirator' (tig. 99), or by emptying a 
vessel of known capacity filled with water, the absorbing tubes 
being weighed before and after the measured volume of air has 
been passed through ; it is advisable in tliia case to introduce 
into the series a small tube containing phosphoric pentoxide. 


FXG. 99 - 
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360, To show that a light gas, as hydi’ogen, will escape from 
a vessel which is held with its mouth downward. A small 
cylinder is filled with hydrogen, and supported in an inverted 
position. The plate is removed, and the vessel allowed to remain 
undisturbed for a certain time, at the expiration of which a 
lighted taper is applied to the cylinder ; the gas will have 
Ijecome so far replaced by air that the combustion will be 
attended with the characteristic sound produced by combustion 
of mixtures of air and hydrogen. It may be compared with the 
effect produced by igniting hydrogen in a similar cylinder which 

M 
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has been filled with the gas. The length of time necessary to 
insure a detonating mixt^ure of air and hydrogen must be deter- 
mined by previous’ trial. A cylinder 30 millimetres diameter 
and 12 centimetres long must be allowed from 2 to 3 minutes. 

351, To show the escape of hydrogen through a cracked flask. 

A flask having a minute crack in it is fitted with a cork carrying 
a straight piece of small bore tube about 20 centimetres long. 
The flask is filled with hydrogen by displacement, the cork 
inserted, and the apparatus inverted and supported in a clamp 
so as to dip the open end of the tube into a small beaker of 
coloured water. As tlie hydrogen diflPuses through the crack the 
coloured liquid will be seen to rise in the narrow tube. The 
flask for this experiment may be cracked by touching it at one 
spot near the bottom with the point of a hot piece of glass, 
and then quickly touching the same spot with a moistened 
finger ; this usually results in the production of a short crooked 
crack. It may be necessary to crack two or three flasks before 
one is obtained that is satisfactory, but when one is so secured 
it should be carefully preserved ; it is well t^o keep it under a 
glass bell-jar in order to prevent its getting dirty, as it should 
on no account be washed. 

352. To show the diffusion of gases into each other through a 
long tube. Two soda-water bottles are connected together by a 
piece of combustion tube about 60 centimetres long, the tube 
being fitted to the bottles by corks. One of the bottles is filled 
with hydrogen and the other with oxygen, and the apparatus 
secured in a vertical position with the hydrogen uppermost. At 
the expiration of a few hours it will be/ound that sufficient of 
the hydrogen will have diffused down into the oxygen bottle to 
cause the mixture to detonate on the application of a flame to 
the bottle ; and in tlie same way oxygen may be shown to have 
risen into the hyebogeu bottle. It is advisable to prepare this 
experiment the day before it is required, as 24 hoims is not 
too long a time to allow for the gases to become thoroughly 
mixed. 
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363. To show the diffusion of hydrogen through porous material 
(Graham’s diftiisiometer). A bulb of about 200 eiibio centimetres 
caj^aeity is blown upon a glass tube about 70 or SO cciil iinetres long 
aucl 7 inilliinebres bore. The bulb has also 
a short ueck^ about 25 milliiuetres wide, into 
which is fastened a thin discof porous niateidah 
T’he most convenient substance for the purpose 
is a flat piece of a porous cell used in a ('Irove’s 
ba tteiy . A circle the size required is iiiaihed 
upon a fragment of such a pot, and the piece 
roughly nibbled round with a pair of pliers, 
after which it is filed to the exact size. It 
is fixed into the neck, about half-way down, 
by means of cement, and the neck is then closed with a 
caoutchouc stopper. The apparatus is filled with hydrogen by 
displacement, and supported with the end of the long tube dip- 
ping into coloured water in a glass basin. On withdrawing the 
caoutchouc stopper, hydrogen quickly diffuses out through the 
biscuit plug, and the coloured water will rapidly rise in the 
tube. • 

354. A convenient apparatus for demonstrating the rapidity 
of diffusion may be constructed as follows : A round porous ceil, 
such as is used in a Bunsen’s battery, is fitted by means of a cork 
to one limb of a tall U tube, containing coloiired water, the 
whole being conveniently mounted on a wooden stand as seen 
in fig. 101. On bringing a beaker of hydrogen over the 
porous cell, the level of the liquid in the tAvo limbs is instantly 
disturbed, the water being almost immediately driven to the top 
of tlie open limb of the tube. On removing the beaker, the 
hydrogen which had entered the apparatus noAV diffuses out, and 
so much more rapidly than air makes its way in, that the liquid 
will be drawn up towards the cell, some distance above the 
level. 

By cementing ca perforated glass plate to the under side of 
the cork, and standing upon it a bottomless beaker, the porous 
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cell may be surrounded with carbon dioxide, by pouring a vessel 
filled with the gas into the beaker. A disturbance of the level 
of the liquid in the* U tube will be seen to follow, but in the 

Fig. 101. Pig- 102. 




opposite direction and to a less degree than that which resulted 
when hycb’ogen gas was used. 

The apparatus for these experiments may, if desired, be 
modified, and constructed as shown in fig. 102, where the 
porous vessel is connected to the U tube by means 
of a short piece of flexible tube, so that it may be 
either introduced into an inverted jar of hydrogen 
or dipped into a vessel of carbon dioxide.^ 

365. On a small scale these experiments may be 
performed with a piece of apparatus in which a clay 
tobacco pipe is the porous portion (fig. 103), The 
mouth of the bowl is closed by cementing over it a 
little disc of porous material (see Experiment 353), 
and the stem broken off about 8 centimetres from « g 

the bowl. By means of a short piece of caoutchouc ^ 

this is attached to a small manometer, as in the former appa 
ratus, containing coloured water. 

* See Table XX. in the Appendix* 
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356. By a sHglifc Jiiodification of the ab(»ve experiment a 
fountain of coloured water may bo project, ed into the air to a 
considerable lieight. 

The porous vessel is attached to the end of a glass tube 
about a metre long, which passes tlu’ough a corlc into a small 
two-necked Woulf^s bottle, the tube reaching nearly 
to the bottom of the bottle. Into the oth(U’ neck is 
fitted a glass tube di’awn out to a jet, and which also 
reaches nearly to the bottom, the bottle being nearly 
filled with coloured water. On bringing a beakor of 
hydrogen over the porous pot the gas which passes in 
causes air to bubble into the Woulf’s bottle, and the 
pressure which is produced drives the water up the jet, 
from which it is projected to a lulglit of about half a 
metre. 

357, To illustrate the principle of Ansell's fire-damp 
indicator. A jnece oi’ apparatus similar to that shown 
in fig. 101, hut conveniently rather small ev, has Inyo 
platinum wires fused into the U tube, one in tlie bend, 
and the other some distance up the open limb. A quantity 
of mercury is placed in the tube, so that when it is at the 
same level in the two limbs the upper platinum is three or 
four millimetres above the surface. Tlie instrument is placed 
in an electric circuit with a bell. "When a vessel of marsh-gas 
(or coal-gas) is brought over the porous pot the mercury will 
be driven ujd the open limb, and, coming in contact with the 
platinum wire, will close the electric circuit and cause the bell 
to ring. The bell may be placed at any convenient distance 
from the apparatus. 

358. To show gaseous diffusion through a soap film. A few 
cubic centimetres of ether are placed in the bottom of an 
inverted bell-jar or large beaker, which may be covered with a 
piece of cardboard. A soap bubble ' blo^Yll upon a thistle funnel 
is lowered for a second or two into the ether-laden atmosphere 
J J’or soap solution see Experiment 14. 


Eig. 104. 
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in tlie bell-jar and again withdrawn ; the tube being closed with 
the thumb. A lighted taper is then applied to the open end of 
the glass tube, and as the bubble slowly collapses and, expels 
its contents a flame of burning ether vaponi' will be obtained. 

Fig. 105. Fig. 100. 



359, To show the separation of gases in a mixture by 
difiusion (Atmolysis). Two long clay tobacco pipes are con- 
nected together by a short piece of caoutchouc tube upon their 
mouth-pieces. The bowls are 
fitted with' corks, so that a 
stream of gas can be passed 
through the pipes and led 
into a pneumatic trough. The 
pipes may be conveniently 
arranged as shown in the figure. 

A mixture of hydrogen and 
oxygen (2 to 1), contained in 
a small gas-holder, is caused to 
pass through the pipes, and, by 
regulating the rate at which 
they pass, oxygen gas, practi- 
cally free from hydrogen, may 
be collected at the trough, and 
the gas shown to be oxygen by its action upon a glowing 
splint. The exact rate at which the gases should be passed 
through in order to give this result must be ascertained by 
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a trial, as it will differ witli dinereut pieciss of a})pavatus : 
with two ordinary ' churchwardens ^ tlie rat»* sliould be sucli 
that 100 cubic ceutiinei.res of gas are collected in about two 
minutes. Tf the gas be passed tb rough too hist, that which is 
colled ed will still detonate ; if too slowly, so much air will have 
becomes mixed wi(h the oxygen that tlie gas will not rekindle a 
glowing splint, A cylinder of the gas contained in the gas- 
holder may be collected direct, without passing tlirough the 
]npes, in order to show that tlie mixture employed is 'oxjilosive. 

360, Another example of the same order may lie seen in the 
separation of ammonia from liydrochloric acid when am- 
monium chloride is undergoing dissociation. (See Dissociation, 
Exp. i>37.) 


COMBUSTION 

361. To show that the terms ‘ combustible ’ and * supporter 
of combustion* ate relative, a number of experiments maybe 
arranged. 

Coal-gas and air. An ordinary paraffin or Argand lamp 
chimney is fitted at the bottom with a cork, tlii’ough which pass 
two glass tubes. One is a straight tube about 10 centimetres 
long and 1 centimetre bore, which passes through the centre 
of the cork ; the other is a piece of smaller tube, bent at 
riglit angles, which is connected with the coal-gas supply. A 
piece of asbestos card 6 or 7 centimetres square, having a 
round hole in the middle of about centimetre diameter, 
is placed upon the top of the chimney : a stream of coal- 
gas is passed through the apparatus, tlie hole in the card 
being loosely closed by laying upon it a piece of card or mica. 
In a few moments the vessel will be full of coal-gas, and the 
excess will escape by the straight central tube. A lighted taper 
is then applied to the issuing gas, and at the same moment the 
hole at the top is uncovered. The flame will then recede up 
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the tube, drawing air after it, widcli will contiune to burn with 
a feebly lummous flame in the siui’ounding atmosphere of coal- 
gas. The excess of coal gas escaping from 
the top may be ignited, so that two flames 
are produced ; the one a flame of air burning 
in coal-gas, the other a flame of coal-gas 
burning in air. If, when the outside flame 
of coal-gas is not burning, a paper spill be 
thrust dowla from tbe top of tlie chimney, it 
will l3uvn so long as it is held within the 
flame of burning air ; but itself cannot be 
inflamed, and its combustion ceases as soon 
as it is removed from the flame. 

362. The combustion of air in coal-gas may also be shown 
by filling a glass cylinder with coal-gas and inflaming tlie gas 
at the mouth while the cylinder is held in an inverted position, 
A glass tube delivering an is then passed up into the cylinder, 
and as it passes the burning coal-gas at the mouth the air is 
inflamed, and continues its combustion within the cylinder until 
the coal-gas is all consumed. 

363. With hydrogen and air. This may be done exactly as 
described in No. 861 for coal-gas. In this case it will be noticed 
that the two flames much more closely resemble each other than 
when coal-gas is employed. 

364. With carbon monoxide and air. This is also shown by 
means of the same apparatus, and the two flames in this case 
appear absolutely similar to each other. 

366. With hydrogen and oxygen. An inverted glass cylinder 
of hydrogen is inflamed, and a jet of oxygen passed through the 
flame into the interior of the vessel, when the oxygen will 
continue to bum in the atmosphere of hydrogen until the latter 
gas is exhausted. For comparison a jet of burning hydrogen 
may be lowered into a cylinder of oxygen^ 


Fio. 108 . 
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For this experiment the jets inuy he ordinary lisli-tail 
Imrners screwed into pieces of lead or ^ compo ’ pipe. 

Kia ion. 


366, A striking variation of tliis experiment may be made by 
generating the o>i^"geu for the combustiuu from atroutium chlor- 
ate. A deflagrating spoon has the cup reversed, and a quantity 
of strontium chlorate is heated in it until it liegius to give off 
oxygen ; the spoon is then introduced up into an inverted cylin- 
der of hydrogen, which has been inflamed at the mouth. As 
the heated chlorate passes the hydrogen flame, the oxygen it is 
evolving becomes ignited, and continues to burn with a brilliant 
red flame imparted by the strontium salt. 

367. A continuous flame of oxygen burning in hydrogen 
may be obtained by a slight modification of the apparatus 
described for Experiment 361. In this case the short wide tube 
is replaced by a long piece of tube which fits sufficiently easily 
into the cork that it can be pushed either up or down. Into the 
upper end of this tube is inserted a little roll of platinum foil, 
which forms a short platinum tube projecting a few millimetres 
above the glass, and serves as a jet. A stream of hydrogen is 
delivered the apparatus by the short tube H, and the gas 
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inflamed at the top as it issues through the hole in the asbestos 
card. The long tube is pushed up until its end is just within 
the hydrogen flame,' and a small stream 
of oxygen passed up. The oxygen will 
ignite inside the hydrogen flame, and 
the tube may then be drawn down 
into the wide part of the apparatus 
where the flame of oxygen continues 
to burn. To extinguish the flame the 
tube is again pushed up to the top, 
and the oxygen supply then stopped. 

The hydrogen flame may be put out 
by cutting off the supply, and at the 
same time laying a piece of card upon 
the hole from which the flame was 
burning. 

368. With carbon monoxide and oxygen. This is done in an 
apparatus precisely similar to that described above, in Experiment 
367. 

369. With sulphuretted hydrogen and either air or oxygen. 

The same as above. 

370. With ammonia and oxygen. This also may be shown in 
the same apparatus, the stream of ammonia being generated by 
gently warming the strong aqueous solution. As ammonia will 
not burn in air, no flame will be obtained until the oxygen is 
passing, when the combustion of the ammonia will be seen to 
j^roceed round the oxygen jet. When the oxygen jet is drawn 
down into the interior of the chimney, it continues to burn in 
the ammonia gas, and sufficieut hydrogen will be produced by 
the decomposition of a portion of the ammonia to render the gas 
escaping from the top inflammable, where it burns with the 
usual brownish tinge produced by ammonia. 

In all the above experiments nitrous oxide may be substituted 
for oxygen. 


Fia. uo. 
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371, With hydrogen and chlorine. The combustion of chlorine 
in an atmosphere of hydrogen may be demonstrated in the same 
manner as described for oxygen in hydrogen/Exp. 307. 

(SeealsoHydrochloric Acid, Synthetical Formation, Exp. 182.) 

372, With oxygen and sulphur vapour. A rjuantity of sulphur 
is boiled in a Florence flask, and the vapour inflamed as it issues 
into the air. A glas.s delivery tube having its end so closely 
recuived as to enable it to pass down the neck of the flask, is 
connected to an oxygen supply, and a small stream of gas passed 
through; as this is lowered through the flame of burning 
sulphur it ignites, and continues to burn brightly within the 
atmosphere of suli)hnr vapour. 

373. To show the increase of weight resulting from combustion 
of substances in aii*. 

By the combustion of reduced iron, A quantity of ferric 
oxide is reduced by being heated in a combustion tube in a 
stream of either hydrogen or eoal-gas. When cold the black 
powder may be trp.nsferred to a stoppered bottle, in wliich it 
may be preserved. 

A small lieap of the reduced iron is placed upon a clean 
sand-bath and counterpoised upon a balance. The heap is then 
ignited by means of a taper, and as it continues to smoulder its 
increase in weight will be indicated by the balance. 

The experiment may be varied by suspending a magnet 
upon the balance, the finely divided iron being held by the 
magnet ; in this case care must be taken that what falls from 
tlie magnet during the combustion is caught upon the pan 
of the balance. 

374. By the combustion of magnesium, Three strands of 
magnesium ribbon are twisted together, and suspended in a large 
inverted beaker in the manner indicated in the figure. A cork 
carrying a copper wire bent into a small hook at one end, is 
cemented on to the side of the beaker at a short distance from 
the bottom, the wire projecting beyond the middle of the beaker 
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m that the beat from the magaesium as it burns may not soften 
the cement. The lip of the beaker should be ground smooth 
upon emery cloth moistened with tur- 
pentine, in order that it may stand 
quite close upon the ground glass 
plate F. This plate is perforated, and 
carries a short piece of rather wide 
tube T, which may be loosely packed 
with cotton wool, and it has cemented 
upon it three short pieces of wood 
which serve as legs. 

Supported hy a small wire tripod 
is a clean sand-bath B, to receive the 
magnesium oxide which falls. 

Tlie whole apparatus is placed upon 
the pail of a balance and counterpoised ; the beaker is then 
lifted, and the magnesium ignited by a small gas or spirit- 
lamp flame : the beaker is quickly replaced, and the combus- 
tion allowed to proceed until the whole of the metal is con- 
sum eel, If the beaker fits close upon the "plate, little or no 
oxide will escape beneath the lip, and the cotton wool in the 
tube T will serve as a filter for retaining the particles which 
might otherwise escape with the air which is expelled by the 
heat resulting from the combustion ; on allowing the vessel to 
cool, and again liberating the balance, it will be seen that an 
appreciable increase in weight has taken place. 

376. By the combustion of phosphorus. A flask of about 
2 litres capacity is fitted with a cork carrying a glass stopcock 
and two stout wires, which reach rather below the centre of the 
flask. Upon the end of one wire is attached a deflagrating 
spoon, and the two wires are connected by means of a 'loop of 
thin platinum wire, which is made to dip down into the spoon 
without actually touching it, so that when it is heated by an 
electric current, it will cause the ignition of a piece of phos- 
phorus. 
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A small fragmeufc of phosphorus is placed upon the spooiij the 
stopcock closed, and the flask counterpoised. The phosphorus 
is then ignited by the passage of the current, and allowed to 
burn itself out, the stopcock being still closed. It may be 
shown that under these circumstances no change of weight has 
taken jflace. On allowing the flask to cool, and opening the 
cock, the sound of inrushing air will be heard, and on again 
weighing the vessel the increase of weight will be manifest. 

370. By the combustion of sulphur. A glass tube 24 
centimetres long and about 4 centimetres wide (a common 
Argand lamp glass may be used) has fitted into it a wooden 
cork perforated with two or three holes. A shallow 
platinum capsule is fastened to a copper wire, and 
fixed into the cork as shown in the figure. A 
false bottom made of a piece of iron- wire gauze is 
placed in the cylinder, about 15 centimetres from 
the top. It may be secured in position by means 
of fine copper wires passing over the top and out 
fi’onf below, and which are. twisted together on the 
outside of tlie glass; three such wires will keep 
the piece of gauze in its place. These wires also 
afford a means of hanging the apparatus, by 
attaching to them three short pieces of wire which 
are twisted together to form a loop. A quantity 
of caustic soda, either in lumps or in sticks, is 
placed upon the gauze until the tube is loosely 
iilled to within a short distance of the top. A 
fragment of sulphur is placed upon the capsule, to which it may 
be melted by gently warming, and the whole apparatus counter- 
poised. The cork is then withdrawn, and the sulphur ignited 
and the cork again quickly replaced. As the sulphur cou- 
tiniies burning, the whole apparatus will be seen to increase 
in weight, notwithstanding that some of the products of com- 
bustion are escaping from the cylinder in the form of slight 
fumes. 
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377. By the comhustiou of an ordinary candle. For this 
purpose the apparatus above described may be employed, the 
we carrying the platinum capsule being removed, and a short 
piece of candle placed upon the cork in its stead. The candle 
may be melted to the cork. 

378. The alternate reduction and reoxidation of copper 
oxide, and its alternate loss and increase in weight in the 
process, may be shown in the following way. A quantity of 
copper oxide is moistened 
with a strong Bolution of 
gum until it has the con- 
sistency of dough, and a 
quantity of it is plastered 
npon a thick copper wire 
until a rod of the oxide 
is obtained about the 
thickness of the hnger, 
and about 12 centimetres 
long, the copper wire pro- 
jecting about 15 centimetres beyond the oxide as a convenient 
means of holding it. Several of these may be made and hung up 
for a few days in a warm place to dry. When perfectly dry a 
thin copper wire is wound round the oxide, the turns being about 
5 millimetres apart, and the mass carefully heated by means of a 
Bunsen until tlie organic matter is destroyed. It is then suspended 
from the beam of a balance, as shown in the figure, by means 
of thin wire, a small weight being hung upon the end to keep 
it in position. The whole is countorpoised, and the copper oxide 
heated, and a glass adapter through wliich hydrogen is stream- 
ing is brought over the hot mass. The oxide at once begins to 
glow in the hydrogen, and continues burning until the whole is 
reduced. The water formed for the most part escapes as steam, 
although a portion of it at first may condense upon the glass 
aud drop fi’om the end; it is well, therefore, that the pan of 
the balance be removed as seen in the fig me, so that any drops 


Fig. U3. 
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wliicli may so fall shall not interfere with the experiment. 
During this reduction of tlie oxide the loss of weiglit will be 
seen by the equilibrium of the system being •disturbed. 

As soon as the combustion of the oxide begins to cease the 
tube is withdrawn and quickly replaced by a similar one 
through which oxygen is passing. The combustion at once 
recommences, the reduced copper burning with so much energy 
that the entire mass becomes incandescent, and at the same 
time the material regains its original weight. 

379, Ignition point, or the temperature to which a substance 
has to be raised before combustion commences. Tlie ^ricle 
difterenee existing between the igniting points of various 
substances which burn in the air may be 
illusirnted by the following experiments; 

Spontaneous inflammation or cases in 
which the ignition point is below the 
oivlinary temperature. To demonstrate 
this phenomenon a tube containing a small 
quantity of zinc ethyl may be opened and 
the contents allowed to drop out. 

Zinc ethyl may readily be obtained by 
mixing in a small tubulated retort 50 
cubic centimetres of ethyl iodide and 55 
grams of dry copper-zinc couple (see 
Marsh Gas, Exp. 450). The retort is con- 
nected by its tubulure to a reflux con- 
denser, the neck being closed witli a cork, and is heated in a 
water-bath until no condensed ethyl iodide is seen to drop back 
into it. The retort is then removed, the tubulure quickly closed 
with a cork, and the contents distilled over a rose-burner, a small 
condenser being used. The distillate may be collected in a small 
naiTOw-necked flask. When making this compound on such a 
small scale, it is not necessary to perform the operations in a 
current of any inert gas. 

The distillate should be transferred to a number of small 


Fig. lii. 
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glass tutes drawn out and sealed at eacli end. The tubes are 
drawn out as shown in figure 114, and by means of a piece 
of caoutchouc tube the liquid is sucked up into the glass until 
it is about two-thirds full. The caoutchouc is then 
closed by a pinch-cock or by being held between the 
teeth, and the capillary portion above the liquid is 
sealed by a fine blowpipe jet. The tube is then with- 
drawn, and the other end closed in the same way. 


Eig, 116 , 


380, A pyrophorus may be opened, and the con- 
tents thrown out. These pyrophori are made by 
reducing suitable salts of certain metals. In the 
case of iron the best salt to employ is the oxal- 
ate ; a piece of combustion tube about 25 centi- 
metres long is drawn out at one end, and a 
quantity of ferric oxalate introduced; the tube is 
then drawn out at the other end, and a constriction 
made at a point about 6 centimetres from the end, 
the whole of the oxalate being in the longer portion 

of tbe tube. The salt is then reduced in a current 

* 

of hydrogen or coal-gas at as low a temperature as 
possible in a small gas furnace, and as soon as the reduction is 
complete the tube is removed from the furnace and allowed to 
cool while tbe hydrogen is stiU passing through. When nearly 
cold the two ends of the tube are sealed up and a small quan- 
tity of the black powder shaken into the short portion of the 
tube beyond the constriction, and the tube is then sealed across 
at that point. The small tube so obtained serves as a test 
portion ; and if upon opening it and throwing out the con- 
tents the material will ignite, the longer portion of the tube 
may be regarded as sure for the experiment, (See Experi- 
ment 391.) 


381. Spontaneously inflammable gas may be produced by 
throwing a few fragments of calcium phosphide into water, 
01 ', better, into dilute hydrochloric acid. (See Phosphoretted 
Hydrogen, Exp. 551.) 
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382. Silicon hydride, or silicurotted hydro.<?en, nmy bo 
gentTuted by adding strong hydrochloric acid to inagiiesinin 
silicide. A snuill quantity of the coarsoly ’powdered silicido is 
placed ill a small beaker and drenched with strong hydrochloric 
acid; silicon hydride is at once evolved as a vspontaueously 
inflammable gas. (See Silicon Hydride, Exp. ril;].) 

383. The ignition point of gaseous phosphoreticd hydrogen 
is below 100°0., so that a jet of the gas may be ignited by 
boiling water. 

A quantity of phosphoretted hydrogen, prei^ared by acting 
upon phosphorus by means of alcoholic potash (see Pliosphoretted 
Hydrogen, Experiment 545), is collected in a gas-holder. A jet 
of the gas is allowed to escajje into the air, and on bringing 
into it a tost tube cent tuning boiling water, the gas will be 
at once ignited. 

384. Carbon disulphide vapour ignites at about 120^0. If, 
therefore, a lew cuhic ceutinielres of tlie liquid be poured into a 

small porcelain dish, and a glass rod which 
has been heated for a few moments in a 
flame be brought into the vapour, the latter 
will be instantly ignited. 

385. The difference between the igniting 
points of hydrogen and coal-gas may be 
illustrated by exposing a small bundle of 
platinised asbestos to a stream of, lirat, coal- 
gas and, second, hydrogen. This is best 
shown by supporting the platinised asbestos 
at the top of an Argand lamp glass, as shown 
in fig. 116, and placing the chimney upon 
the gallery of a small lamp from which the 
fish-tail or other burner has been removed. 
The bundle of asbestos is first warmed in a 
flame, and then exposed to a stream of coal-gas. It will be seen 
to become hot, and wall continue to glow" in the coal-gas, but 

N 
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will not cause its ignition. On substituting hydrogen for coal- 
gas, it will be seen that as soon as the platinum begins to glow 
the hydrogen will be ignited. 

386. A comparison between the igniting points of hydrogen 
and marsh-gas may be made by means of sparks emitted by 
hint and steel. Sparks struck from a flint and steel are made 
to fall into a stream of hydrogen, as it issues from a fish-tail 
burner. The hydrogen will be almost instantly ignited, while 
if similar sparks are caused to fall into marsh-gas they fail to 
cause its ignition, A shower of sparks is best obtained by 


Pig. 117 



causing a revolving disc of steel to play against a piece of Hint 
pressed lightly against its edge, as in the old ‘ steel mill ’ of 
the miners. Fig. 117 shows such a contrivance, in which the 
disc is made to revolve at a high speed, by means of the tooth 
gear. It is quite possible, although not quite so easy, to 
perform this experiment by means of a piece of flint and a flat 
.file. The flint is quickly rubbed down the safe edge of a large 
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Hat file, held in such a position that the sparks which are struck 
off shall fall into the jet of escaping gas. 

887. If a piece of copper gauze be depressed upon a Bunsen 
flame, the metal so rapidly conducts away the lieat tlxat the gas 
whicli finds its way tluough the gauze will not be ignited. 
It may, however, be inflamed by bringing a lighted taper above 
the gauze, and the actual presence of the gas there be demon- 
strated. This may be reversed by holding the piece of gauze 
a short distance above the chimney of a Bunsen before the gas 

is lighted, and then by means 
of a taper igniting the gas on 
the upper side of the gauze. 
The fiame will continue to burn 
upon the gauze, and shows no 
tendency to strike througli. 
The gas below, therefore, will 
not inflaxxxe, the reason being 
th at t he 1 en i peraiur e of the 
metal does iiob,renrli the ignition point of the coal-gas. If 
these ex-periments 1 e repeated, using a jet of Lydrogen in place 
of coi 1-gas, the difie once between the two gases wiW be very 
marked. When the gauze is depressed upon the Iiydrogeii 
flame, the flame almost immediately passes through the meshes, 
and it will be found quite impossible to ignite the hydrogen 
upon the upper side of the gauze without the flaxne instantly 
striking back and burning on the under side us well. 



CARBON 

388. To show the combustion of diamond in oxygen. Tliis is 
most conveniently done in the apparatus shown in tig. 119. It 
consists of a perforated ground-glass plate, fitted with a cork, 
through which pass txvo stout copper wires. These are con- 
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riected together at their ends by means of a little strip of 
platinum foil, which is creased into the shape of a little trough 
or gutter, the ends of the foil being 
wrapped round the copper and secured by 
a twist of fine binding wire A, fig. 119. 

The fragment of diamond is placed in this 
platinum trough. The lip of a cylinder is 
gi’eased mth resin cerate, oxygen gas passed 
into it, and ilic apparatus carrying the 
diamond carefully lowered into its place, 
care being taken not to allow the diamond 
to become lodged against the thick wires 
which support the trough. The current from 10 Grove’s cells 
is passed through the wires, which will heat the platinum to 
bright redness, and cause the ignition of the diamond. When 
the diamond is once ignited, the passage of the current may be 
interrupted, and the diamond will continue its combustion for 
some time. 

A little adjustment is necessary between the size and thick- 
ness of the platinum trough, and the strength Of current used to 
heat the metal, If too much platinum is present, not only does 
it necessitate a stronger current to raise ita temperature to the 
requisite degree, but owing to the rapid conduction of heal the 
ignited diamond will not continue ita combustion for long with- 
out the help of the current. If, on the other hand, the trough 
is too slight, there is risk of its being fused by the current. 
When the apparatus is first put together, it should be tested 
with a current gradually increasing in strength from 5 cells 
upwards, and the number of cells that is found necessary to 
heat the platinum to the desired temperature should be noted, 
conveniently by scratching upon the ground- glass plate. After 
the combustion of the diamond has continued for a short time, 
the contents of the cylinder are shaken up with clear lime- 
water, which will show the presence of carbon dioxide. 

389. To show the combustion of graphite in oxygen. A 
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precisely similar apparatus to tlie above may be used for ibis 
purpose. 

390. Combustion of charcoal in oxygen. (See Oxy<reti.) 

391. To show the spontaneous inflammability of finely divided 
carbon. The pyrophorus is prepared by heating hnid tartrato 
in a glass tube. A piec<» of combustion tube closed at one end 
is about half hlled witli lead tartrate, the tube is then drawn 
oiit as shown in fig. 120, By taping the tube horizontally upon 
the table the salt will spread itself evenly along j leaving a clear 
space between it and the upper side of the tube. The tube is 
then heated, either in a short, gas furnace, or by means of a 
Bunsen, in the latter case beginning at the closed end and 
working along; the beating being couiimxed until vapours 
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cease issuing from tlio point. The tub(‘ is alluved to cool until it 
can just be haiTdled, when the point is sealed by a blowpipe, 
and it is then allowed to get fpiite cold, without the contents 
being shaken about. 'When cold some of the contents are 
shaken into the part beyond the coiisti'iction, and the tube 
sealed oif at a. The small tube serves as a test piece, aud if, 
on filing the end off and throwing the contents out, the particles 
ignite as they fall through the air, it may be presumed that the 
main quantity in the longer piece will do the same. 

In shaking out the contents of such a pyi’ophorus, the 
powder should he allowed to fall through a considerable apace 
of air, the tube being held as high as the operator can con- 
veniently reach, and the powder allowed to fall to tlie ground. 

392. To show the absorption of ammonia by charcoal.^ A 
cylinder of ammonia gas is collected over mercury, and one or 
two fragments of charcoal, about the size of a walnut, which 
have been heated in a Bunsen flame, are passed up through the 
• See Tables XXVII. and XXVIII. in lUe Appendix 
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mercuiy into tlie gas ; in the course of a short time the whole 
of the gas' will be absorbed by the charcoal. (See Liquefaction 
of GaaeSj Exp. 645.) 

393. To show the absorption of bromine vapour by charcoal. 

If a few fragments of charcoal which have been allowed to 
absorb bromine vapour are gently heated in a sealed glass tube 
of rather large bore, the absorbed bromine is expelled, and is at 
once manifest by its colour. On cooling, the bromine is re- 
absorbed. In order to prepare this experiment so that the 
same tube may be repeatedly used, it is necessary to get rid of 
the hydrogen from the charcoal, otherwise the bromine will 
gradually combine witli it, and only colourless lijdrogen bromide 
will be expelled when the tube is next heated. 

For this purpose the charcoal, in small fragments, must first 
be heated to redness in a combustion tube, and bromine vapour 
passed over it (by gently warming a little bromine in a flask 
attached to the tube) for some time. It is then allowed to cool 
in the vapour, and afterwards transferred to the tube in which 
it is intended to seal it. 

394. To show the absorption of sulphuretted hydrogen by 
charcoal, A piece of combustion tube about one metre long is 
filled with charcoal, broken into small pieces, about the size of 
peas, and a mixture of sulphuretted hydrogen and air, contained 
in a small gas-holder, is passed through the tube, in the cold. 
The gaseous mixture, which may contain from 10 to 15 per 
cent, of sulphuretted hydrogen, is first led through a small 
wash-bottle of water to indicate the rate at which it is passing. 
If the rate be properly regulated, the gas which issues from the 
end of the tube will be found to be perfectly free horn sul- 
phuretted hydrogen. This may be shown by allowing the 
issuing gas to bubble through a solution of a lead salt, which 
will be seen to remain clear. In order to demonstrate that the 
gas in the holder contains sulphuretted hydrogen, a branch tube 
may be introduced between the wash-bottle and the tube con- 
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taining the charcoal (ii, fig. 121), and a few bubbles of the gas 
allowed to pass direct into a solution of a lead salt, which will 
bo instantly blackened, If a small tpiautity of mercury be placed 
in the cylinder c, and the depth of the lead solution be a Utile 
less than that in the test tube T, the gas may be made to 
bubble througli c or t at will, by raising or lowering c. 


Fio. 12X. 



396. To show the evolution of heat by the combination of 
oxygen with sulphuretted hydrogen, induced by the action of 
charcoal, This may be done by a slight modification of the 
above arrangement. A glass tube, about 30 centimetres long 
and centimetres wide, is fitted wdth a cork at each end. Into 
one cork is fitted a tube upon which is blown a thin tube about 

Fio 122. 



10 centimetres long, and closed at one end, which serves as the 
bulb of an air thermometer (b, Ug, 122); the same cork also 
carries a short straight tube through which gases are inti'oduced. 
The cork with these tubes is fitted into the wide tube, which is 
then filled with charcoal in coarse grains from the other end, the 
charcoal filling the annular space between the long bulb and 
the outer tube ; when the tube is full the other cork carrying 
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an exit tube bent at riglit angles is inserted. The tube from 
the bulb is connected with the manometer M, wbicb should be 
made with a lateral tube T, by means of which the level of the 
coloured water in the two limbs of the tube may be adjusted. A 
mixture of two volumes of sulphuretted hydrogen and three 
volumes of oxygen is passed from a gasholder through a small 
wash-bottle into the tube s, and the escaping gas may be 
bubbled through a solution of a lead salt contained in the test 
glass. The temperature of the bulb B will rapidly rise, as seen 
by the alteration of the level of the liquid in the manometer. 

396. A still more striking way of showing this phenomenon 
is the following : — 

About 5 or 10 grams of powdered charcoal are placed in a 
bulb which is blown in the middle of a piece of combustion 
tube. A gentle stream of coal-gas is passed over the charcoal, 
wliicli is heated by means of a Bunsen lamp until it is perfectly 
dry. This point can be ascertained by allowing the issuing gas 
to impinge upon a small piece of mirror, and when no deposition 
of moisture takes place the heating may be stopped. The 
charcoal is then allowed to cool in the stream of coal-gas until 
its temperature has fallen so far that the bulb can just be 
grasped by the hand, when the coal-gas is replaced by a stream 
of sulphuretted hydrogen. The sulphuretted hydrogen should 
be allowed to pass over the charcoal for not less than fifteen or 
twenty minutes, by which time the bulb and its contents will be 
perfectly cold, and the charcoal will have saturated itself with 
the gas. (In practice it will be found convenient to prepare the 
experiment to this stage, and allow a very slow stream of sul- 
phuretted hydrogen to continue passing through the apparatus 
until the final operation is to be made.) The supply of sul- 
phuretted hydrogen is then cut off and a stream of oxygen 
passed through ; the tube almost immediately becomes hot, and 
moisture is deposited on the glass. The supply of oxygen should 
be sufficiently brisk to carry this moisture forward from the 
charcoal. In a few moments the tenipei’ature rises to the 
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ignition point of the cluivcoulj when it bursts into flame and 
continues burning in the su]>p]y of oxygen. 

397, To show the withdrawal of gases absorbed by charcoal, 
A few lumps of charcoal, weighted with lead wire or other eou- 
venient raaierial, are thrown into a vessel of water which is 
placed under the receiver of an 
air-pump; on exliaustijig the aij', 
bubbles of gas appear upon the sur- 
face of the charcoal, and rise in 
quantities through the water. 

This experiment may be shown 
upon the screen in the following 
way 

A square glass cell about 13 
centimetres long and 5 centimetres 
square, and having its lij) ground, 
ia lit ted with a tight-fitting cover. 

Tins is conveniently constructed ns 
shown in lig. 121h A flat brass 
plate, liaviiig india-rubber cemented 
on the under side, is clainpc^d firmly 
down upon the mouth of the cell 
b}^ means of two screws. The plate 
has a small brass tube soldered into 
it. One or two small fragments of 
charcoal ai e tethered to a little lead 
weight by threads of cotton, so that 
they are suspended a little below 
the surface of the water in the cell. The ceil is connected by 
means of fine ‘ coinpo ’ pipe to a small exhausting syiinge, and 
each stroke of the ]:)ump will be followed by the evolution of a 
number of bubbles from the surface of the pieces of charcoal, 
which will be very apparent upon the screen. 

398. To show that charcoal is specifically heavier than water. 
Tills may be demonstrated with the apparatus arranged as in 
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t-lie above experiment. If, after exhausting, the air be allowed 
to re-enter, and this operation be repeated once or twice, the 
charcoal will sink to the bottom. 

Pieces of charcoal which have been weighted and throTO 
for a few minutes into boiling water, will have so much of the 
included air removed as to cause them to sink when placed in 
cold water. 

399, To show the decolourising power of charcoal. Animal 
charcoal in fine powder is best suited for this purpose. About 
20 grams of the charcoal is introduced into a stoppered cylinder 
containing water, which is tinted with an aniline colour, and 
the mixture shaken together. The contents of the cylinder are 
then thrown upon a filter, and the filtrate will bo seen to be 
entirely colourless. 


CARBON DIOXIDE. 00^ 

400. To show the presence of carbon dioxide in the air. A 
quantity of clear lime-water, or baryta watei;, may be placed in 
a shallow glass dish, and freely exposed to the air of the room. 
In the course of half an hour it will appear distinctly turbid. 

401. Air may be aspi- 
rated through baryta water 
in a Woulf’s bottle, or better 
in ft narrow cylinder bottle, 
by means of a Bunsen’s 
pump (fig. 124); in a few 
minutes the carbon dioxide 
will make itself apparent by 
the turbidity of the solu- 
tion. 

402. To show the carbon 
dioxide which has been ab- 
sorbed from the air hy mortar. Fragments of old mortar are 
placed in a test glass and treated with dilate hydrochloric acid : 
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an effervescence will he observed, and the gas may ])e shown to 
be carbon dioxide by any of the usual tests. 

403, To show carbon dioxide in the breath. A stream of 
air from the lungs is bubbled througli u quantity of clear lime- 
water, the expiration being continued as long as possible in 
order to deliver those portions of the breath which are riche.st in 
carbon dioxide. 


404, The above experiment may be modi tied in order to 
show that the effect is not due to the carbon dioxide already 
contained in the air. Two Woulf’s bottles ^^5 

are fitted up as shown in fig. 125, and lime- e 

water placed in each. By means of the iL 

mmitli-piece E, the air drawn into tho lungs n (/ ^ 

will first bubble through the bottle i\. Wlieii 

~ D C 

one long iuhalation hnsbeen made, the air is h H il A 

expired, and it will be compelled to Imbble W 
through bottle A. On repeating this process 
two or three times, the lime-water in a will ^ | ^ 

become turbid, while that in k remains clear. 

The small quantity of breath which passes bach into B at each 
expiration, until the pressure necessary to overcome the column 
of liquid in A is obtained, is so insignificant that it produces 
no effect upon the solution in that bottle. 


406, To show the presence of carbon dioxide in natural 
aerated waters, A quantity of Apollinaris water is placed in a 
flask provided with a cork and delivery tube, and gently warmed. 
Carbon dioxide is evolved and may be passed into lime-water. 
The natural water may be distinguished from that which is 
artificially manufactured by not effervescing to any extent when 
the cork is removed from the bottle, tho gas being only very 
slowly evolved until the water is warmed. 

406, To show the carbon dioxide produced by the combustion 
of a taper, a candle, or from a gas flame. A cylinder is held 
for a second or two over the flame, in order to receive some of 



188 


CJIEMICAL LEOTUEE EXPERIMENTS 


tlie products of tlie combustion : it is then covered with a glass 
plate and clear lime-water introduced. 

The candle or gas flame may be lowered down into a cylinder, 
covered loosely with a glass plate, and allowed to continue its 
combustion for a few moments ; on withdrawing the burning sub- 
stance and adding lime-w’oter, the carbon dioxide will be evident. 

407. To prepare carbon dioxide from marble. CaC 03 + 
2H01 = CaGl 2 + H20 + C02. Fragments of marble are placed 
in a Woulf’s bottle provided with a tliLstle funnel and a delivery 
tube ; water is added and strong hydrochloric acid introduced 
from time to time by means of the thistle tube. The gas may 
be washed by passing through a Woulf’s bottle containing 
water, and collected at the pneumatic trough. 

408. To show the heaviness of carbon dioxide. The gas may 
be collected by downward displacement of air. 

409. The gas may be poured from one vessel into another, and 
its presence shown in the receiving vessel by means of lime-water. 

410. A large tubiilated bottle, into the side tubulure of which 

is fitted a wide bent tube (fig. 
126j closed with a cork, is filled 
with carbon dioxide, and the 
mouth closed with a bung. By 
first removing the bung and then 
withdrawing the small cork, the 
gas will flow out, and may be 
received in a beaker or cylinder 
as desired, and its presence shown 
either by lime-water or by a taper. 

411, A large bell-jar may be 
filled with the gas by displace- 
ment. If a beaker suspended by 
a string be lowered into the gas, 
and again drawn up, it may be brought out full of the gas, as 
watei' is drawn from a well by a bucket. 


Kig. 126. Fig. 127. 
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412. The gns nmybe siplioiu‘(l fnun iho }K*ll-jfir by iin ordi- 
nary piphon. The siphon may be started by gently >uekiiig 
the longer limb, or by first filling it with carbon dn^xide, placing 
the thumb over the end of the long limb and cpuckly inverting 
it in the vessel. 

413. A large beaker is suspended from the beam of a balance, 
by means of thin copper wire, and counterpoisv‘d. A 1 weaker 
containing carbon dioxide, which may be filled either from the 
vessel in Experiment 410 or 411, is gently emptied into the 
su8i?ended beaker, and the weight of the gas will be evident by 
the disturbance of the equilibrium of the balance. 

414. The vessel described in Experiment 410 may be placed 
a few feet from a screen, and a strong shadow of it east by 
means of the electric light (tho naked light with!)ut lenses). 
When the corks are removed the stream of gas as it Hows out at 
the lower tul)e will be seen upon the screen as a descending 
current, owing to the dificrence between the refractive power of 
carbon dioxide andean*. If a beaker be placed to receive it, 
the gas will be visible as it overt! ows. 

A similar effect is seen, and more visibly in a large room, by 
pouring out in front of the screen the couteuts of a large bell- 
jar filled with the gas. 

415. To float soap hubbies upon carbon dioxide. A large 
bell-par is filled with the gas, as in Experiment 411. For this 
experiment, however, the gas must l)e washed by being bubbled 
through water, to remove any hydrochloric acid that is carried 
over with it, the presence of this gas being fatal to the life of a 
soap-bubble. 

The bubbles are best blown upon a piece of glass tube 
about 12 centimetres long and 7 millimetres bore. This tube is 
partially choked by pushing a piece of cork into it, the cork 
having a small notch cut out of it. A bubble of about 8 or 9 
centimetres diameter is blown and the tube held in such a way 
that the top of it may be covered at will by the finger (fig, 128tr). 
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Wliile conveying the tube with tbe babble to tbe mouth of the 
bell-jar, the tube should be uncovered; when it is wished to drop 
the bubble, the finger is placed upon the top of the tube and a 
slight jerk given by the wrist. If the bubble be allowed to fall 
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veriically into the bell-jar, it will remain for some considerable 
time floating upon the gas. (For preparation of the soap solu- 
tion see Hydrogen, Experiment 14.) 

416 . The heaviness of carbon dioxide, and its behaviour 
towards ordinary combustibles, may be simultaneously demon- 
strated by pouring the gas from a cylinder, or beaker, upon a 
burning taper or candle. The candle is stood in the open, and 
the gas contained in a large beaker is quickly poured over it 
from a height of 10 to 20 centimetres. 

The candle may be placed in a cylinder, and the gas poured 
in upon it. In this case the cylinder should not be too naiTow, 
or the up current of hot air from the caudle will prevent the 
carbon dioxide from entering the mouth. 
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417, A number of candles, conveniently 3 or 4, may be 
ari'anged on a light stand, by means of pieces of wire soldered 
to the upright support at varying heights. Tlie end of each 
wire is bent into a lielix, and a short piece of candle fastened to 
it by slightly warming the wire. The candles aro lighted and 
the apparatus lowered into a large bell-jar, and a stream of 
carbon dioxide delivered down to the bottom of the vessel by a 
piece of flexible tube. As the vessel gradually fills with the 
gas, the candles will be extinguished in order from the bottom. 

418, A quantity of benzene (about 50 cubic centimetres) is 
placed in a porcelain dish, or a sou]3 plate, and inflamed. A 


Fig. 129. 



large bell-jar full of carbon dioxide is emptied over it, when the 
conflagration is at once extinguished. The gas should not be 
poured down immediately upon the top of the flames, but rather 
to one side, as shown in the figure. 

419, To show the combustion of potassium in carbon dioxide. 
2 Ko + 300^= 2 K 2 CO 3 + 0. A stream of the gas from a gene- 
rating apparatus is washed through water, and passed through 
a bull) tube containing a fragment of potassium. The metal is 
heated strongly with a Bunsen lamp, and will inflame in the 
carbon dioxide, leaving a black deposit conlaining carbon upon 
the glass. 
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The most conrenient form of apparatus to employ, when a 
regular stream of carbon dioxide is required is seen in fig. 130. 

The eprivette is filled with 
fragments of marble which 
are prevented from dropping 
through the constriction by 
first placing in the cylinder 
a roughly rounded piece ol 
pumice - atone, sufficiently 
large to block the passage. 
A mixture of hydrochloric acid and water in about equal 
volumes is introduced into the tubulated bottle, which is placed 
upon a stand, or upon blocks, of such a height that the acid 
cannot rise in the eprivette more than about two-tbirds of the 
height. 

420. To show the combustion of magnesium in carbon dioxide, 

A strip of magnesium ribbon is ignited and lowered into a 
cyliuder of carbon dioxide. The metal continues its combustion 
in that gas, and on rinsing out the contents of the vessel, and 
throwing them upon a filter, black particles'" containing carbon 
will be seen in considerable quantity. 

421. To show the action of carbon dioxide upon litmus solution. 
A stream of washed gas is made to bubble through a quantity of 
litmus solution contained in a porcelain evaporating dish, or a 
white soup plate. The tube conveying the gas may be drawn 
to a point, and the liquid gently stirred with the tube. In a 
few moments the colour of the litmus will he changed from blue 
to a claret red. This reddened solution may now be divided 
into two portions. To one a drop of a strong acid, e.g, hydro- 
chloric acid, should be added, to show the difference between 
the red so obtained and that produced by carbon dioxide, while 
the other may be heated to show that the original blue of the 
litmus will be restored. 

422. To show the absorption of carbon dioxide by sodium 
hydroxide, A glass tube from | to 1 metre long, upon one end 
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of which a dmpping funnel has been blown, is filled with carbon 
dioxide over water. A quantity of a moderately strung solution 
of sodium hydroxide is placed in the globe’ of the funnel, and 
allowed slowly to enter through the stopcock. As the solution 
trickles down the sides of the long tube, it absorbs the gas, and 
the water gradually rises in the tube until it is completely full, 

423. To show the effect of pressure upon the solubility of 
oarbou dioxide in water. Two rather wide glass tubes, about 
one metre long, and as nearly as possible of a uniform bore 
throughout, are closed at one end and connected by means of a 
bridle tube to the same mercury reservoir (fig. 58), The tubes 
are connected to the bridle tube by means of caoutcliouc skippers, 
and in order that these may be wired securely into place, the 
edges of the wide tubes should be slightly opened out in the 
form of a lip. One of these caoutchouc stoppers carries a short 
stopcock, in order tliat tlie level of the liquid in the two tubes may 
be finally adjusted. Both the tubes are filled with carbon dioxide, 
one being dry, while the other contains a small tpiaiitity of water, 
occupying about ^3 centimetres of the tube, which has been 
previously saturated with carbon dioxide. The height of the 
mercury in the diy tube should be made level -with the top 
of the short column of water in the other, and the position 
marked by india-rubber bauds upon the tul)e3. Two other bands 
are placed on the tubes at a point half-way lietween the bottom 
rings and the top. On raivSing the reservoir until the gas is 
subjected to a pressure of an extra atmosplieve, it will be seen 
that the volume of gas in the tube containing the water is 
dimini.slied more than that in tlie other. If a short time be 
allowed for solution to take place, it will be seen that the 
water will take up its own volume of the gas under the in- 
creased pressure of one atmosphere, and the mercury in each tube 
will stand at the same level. On loweriug the reservoir, and 
allowing a little time to elapse, the gas dissolved under the in- 
creased pressure will be again evolved, and the mercury in the one 
tube will be level with the top of the column of water in the other. 

0 
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To show the liq[iiefaotion of oarboix dioxide by pressure, (Seo 
Liquefaction of Gases.) 

424. To collect solid carbon dioxide. This is effected by 
causing a stream of the liquefied gas to issue from an iron 
bottle thi’ough a fine jet, into a metal box specially constructed 
for the purpose. Tig. 131 shows the usual form of the apparatus. 

The side tube receives the nozzle 
of the gas bottle, and the issuing 
stream of liquid is made to impinge 
upon the curved tongue of metal, 
and is thereby caused to revolve 
inside the box. The escaping 
gas issues by the perforated plates 
through the insulated wooden handles. 
As the splid collects in the box, small 
fragments are driven out through 
the handles, and the operator can tell by the quantity so escaping 
when the box is full. As the ordinary pressure gauge is not 
available for ascertaining what quantity carbon dioxide is 
contained in the cylinder, it is well to know the weight of 
the bottle when free of liquid, and also its weight when full. 
To avoid mistakes, these weights should be made with the 
nozzle and handle removed. The solid when collected should 
be removed from the metal receiver and ^placed in a cardboard 
box, which may be thickly covered with felt. 

The substance should be handled with some care, a wooden 
spatula or paper knife being the beat for cutting and lifting it. 
It may be placed upon the hand or even u^mn the tongue with 
impunity, but if lifted with the huger a care must be taken to 
avoid squeezing it, as, the pressure bringing it in contact with 
the skin, the intense cold will produce unpleasant blisters. 

425. To show the evolution of carbon dioxide gas from the 
solid. A fragment of the solid may be placed in an empty soda- 
water bottle, which is then gently corked up i in a few moments 
the cork will be forcibly ejected. 
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426. A fragmeut may be placed in a small ilask fitted with 
n cork and delivery tube, the latter dipping into lime-water. 
The lime-water will be at once rendered turbid. 

427. A Iragnient placed in n cylinder, loosely oovcivd with 
a glass plate, will rapidly displace all the air, and till the 
cylindm* with the gas, which can be tested by a 1api‘r or by lime- 
water. 

428. A fragment may be placed in a flask with delivmy 
tube, and the gas collected at the pneumatic trough, when the 
regular and steady evolution of the gas will be seen. 

429. A small fragment may be placed upon the tongue, and 
the evolving gas gently breathed upon a lighted candle or taper, 
which will be at once extinguislied. 

430. To freeze water with solid carbon dioxide. A small tin 
can with a wire liandle is placed upon a woodtm stand, upon w'hich 
a small qiuint.ity of water has been poured; a tew bmall pieci^s 
of the solid are tlintwn into the tin, and moistened vilh a little 

ether. The water will be almost instantly frozmi, the solidiiica- 

'' . 

fcion being accompanied by a crackling souncl, and on lifting t he 
can by its handle it wdll be seen that it is securely cemented to 
the stand. 


Fio. 132. 


431. To freeze mercury by means of solid carbon dioxide, 
About 80 cubic centimetres of inereiuy are placed in a ruund- 
bottomed porcelain basin. 

In order tliat the mer- 
cury, ’when solidified, may 
be lifted from the dish, a 
stout copper-wire, bent 
into a flattened helix, is 
held in the mercury while // | 
it is being frozen ; and, 
in order to prevent the ” 
frozen mercuiy from adhering to the dish itself, the latter is 
lined with paper, ])y pressing into it, with the list, a piece of 
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writing paper, the edges of which may be trimmed with scissors. 
A quantity of solid carbon dioxide is placed upon the mercmy, 
and the copper-wife is then introduced. A small quantity of 
ether is then poured upon the mercury, and in a few moments 
a solid crust begins to form, and the wire will be held in its 
position by the frozen mercury. More solid carbon dioxide may 
be added until the mercury is entirely solidified throughout. 
The ether for these experiments should be fairly free from water 
and alcohol, and is conveniently used in a small wash-bottle. 

432. The malleability of the solid mercury obtained above 
may be shown by lifting the lump from the dish and placing it 
upon a block of iron, which is wrapped in felt or thick flannel. 
It should be struck with a hammer, upon the head of which a 
piece of thick leather has been cemented. With such a hammer 
and anvil the mercmy may be beaten into any shape, like a lump 
of lead, and little or none of it will be melted in tlie operation. . 

433. The solid mercury, after being hammered as above, 
may be plunged into water, by doing which the mercury will be 

melted and the water frozen. '^This is strikingly 
shown by filling a tall, wide glass cylinder with 
water, and placing upon the top of the cylinder a 
piece of whe gauze, bent into the shape of a cup 
or dish. On placing the solid mercury into the 
water contained in this gauze dish, the metal melts, 
and running through the meshes, forms icicles 
several centimetres in length hanging from the 
gauze, and leaves a solid piece of ice in the cup 
adhering to the copper wire, by which it can 
be bodily withdrawn (fig. 133). It is well to use 
water which is only a few degrees above the 
freezing-point, and to throw a ray of strong 
light upon the vessel while the experiment is 
being performed. 

434. The composition of carbon dioxide may be demonstrated 
by burning a small fragment of charcoal in a measured volume 
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of oxygen. A small globe or flaab, blown npnn a U tube, is 
fitted with a stopper through whicli pass two tincA wires. 
One of these wires carries a small bone- 
ash crucible made by nearly iilling a de- 
flagrating spoon with bone-ash. The 
second wire ends just above the crucible , 
and is connected by a small loop of fine 
platinum wire to the other thick wire, just 
above the crucible (fig. 13i). 

Mercury is placed in the U tube, and 
its height indicated by a band iipon the 
tube, and the globe is filled with oxygen 
]/y displacement. A small fragment of 
charcoal is then placed upon the crucible 
in such a position that the loop of pla- 
tinum wive is touching it, and the stopper carefully inserted. By 
means of an electric current the platinum wire is heated, and 
the little piece of charcoal ignited, which continues burning 
until it is entirely consumed. At the conclusion of the experi- 
ment, and when 4he apparatus is again cold, the mercury will 
return to the position that it originally occupied. 

The charcoal for this experiment must be free from hydrogen. 
This is most easily secured by heating a quantity of charcoal to 
bright redness in a stream of chlorine, the charcoal being in 
pieces about the size of a pea, and ecnitained in a piece of 
combustion tube. 


Flu. UU. 
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PUKPARATXON, 

436. By the action of sulphuric acid upon a formate. 
H.COOB =H20 -f CO, About 10 grams of barium formate are 
placed in a small flask fitted with a dropping funnel and a 
delivery tube. Strong sulphuric acid is introduced iu small 
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quantities at a time by means of the fiinnelj and a rapid evolu-* 
tion of carbon monoxide at once tabes place. The gas, which is 
almost perfectly pure, may be collected over water in the ordinary 
way. 

436. By the action of sulphuric acid upon oxalic acid. 
02H20^=H20 + 002 + CO. The gas ia generated in a small 
flash fitted with a mercury safety funnel and a delivery tube. 
As there is an equal volume of carbon dioxide produced in this 
reaction, it is well to pass the gas through a series of Woulfs 
])nttles. The first one should contain baryta water to demon- 
strate the presence of the dioxide ; and if the gas be then passed 
through two others containing a solution of caustic soda, the 
monoxide can be collected sufficiently free from the dioxide for 
all practical purposes. Earyta water is preferable to lime-water 
for the first bottle, as with the latter the precipitated carbonate 
is so rapidly redissohnd by the excess of carbon dioxide that 
after the first few minutes the liquid gives no visible evidence 
of the presence of tliat gas. 20 or 30 grams of crystallised 
oxalic acid are put into the generating flask, ^nd covered with 
strong sulphuric acid ; on the application of a gentle heat the 
gas is readily evolved, and its rate of evolution may be controlled 
to a nicety by a little regulation of the lamp, 

437. By the action of sulphuric acid upon potassium ferrooyanide, 

+ GH^SO, 6H20 = 2K2S0, + EeSO, + 

+ 600. About 30 grams of crystallised fenwyanide is roughly 
broken up and put into a flask, and 300 cubic centimetres of 
strong sulphuric acid added. The flask, which should be of such a, 
size that the materials used do not more than one-third fill it, is 
fitted with a safety funnel and a delivery tube. As the gas is 
usually contaminated with small quantities of carbon dioxide, it 
is well to pass it through a Woulfs bottle containing caustic 
soda solution. The temperature at which the decomposition 
takes place being rather high, it takes a considerable time to 
heat the mixture to the required degree. If the heat be applied 
rapidly, by the use of a large flame, there is great liability of 
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tlie giU5 lieiiig RucltltMily evolv(‘d with great energy, the contents 
of the Hask frothing np, and the reaction ])ecoining altogether 
unconti’olialde ; to avoid this it is well to heat the flask with n 
moderarfe ruse-hurner, and carefully regulate the flame when 
the first signs of effervescence appear. 

438, By the action of red-hot charcoal upon carhon dioxide, 
COj d- 0=200. A piece of iron gas-pipe is fitted at each end 
with a cork carrying a short straight glass tube. The iron pipe 
is filled with small fragments of charcoal, and i.s lieated either 
by means of a coke furnace or an Erlenmeyer’s gas furnace to a 
bright-red heat. On passing a gentle stream of carbon dioxide. 
gim{ ‘rated in a c*<onstant apparatus (see fig. I ‘>0), Ihvongh the 
hot f-ube, fhe issuing gas may be infiained at the glass exit 
tube, wliere if* burns with tiie characteristic blue flame of carbon 
monoxide. 

439, To show that the gas evolYed by the action of sul- 
phuric acid upon oxalic acid is composed of the two oxides in 
equal volumes, A long tube (see Carbon Dioxide, Exp. 122) 
with a dropping funnel upon one end, is filled with the 
gases as they are evolved from the mixture, by collection 
over water. The tube is divided into two equal parts by an 
india-rubber ring, and on allowing a solution of sodium hydroxide 
to enter, the carbon dioxide will be absorbed, tlie water in the 
dish rising to the graduation. The tube may then be removed 
from tlie disli, the mouth being closed with the thumb, and 
inverted, and the carbon monoxide ignited. la case tlie tube 
is not of uniform boi’e thronghont, and also to allow for the 
diminution of pressure caused by the rising column of water in 
the tube as the dioxide is absorbed, it is well to graduate the 
tube by a trial experiment. The tube is filled with the mixed 
gases from the oxalic acid, and the carlion dioxide absorbed by 
sodium hydroxide ; the ring is then fixed at the point to which 
the liquid rises in the tube. 

440, The combustion of carbon monoxide and its chavac- 
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teristic flame may be illustrated by igniting a cylinder of the 
gas, collected by any of the above methods for its preparation, 
or better by burning the gas as it issues from a jet ; in this case 
the jet should be a wide piece of glass tube, and the gas should 
be contained in a gas-holder. 

441, The behaviour of carbon monoxide towards ordinary 
combustibles may be demonstrated by plunging a lighted taper 
into a cylinder of the gas, when the gas will be inflamed but 
will not support the combustion of the taper. 

442. The formation of carbon dioxide by the combustion of 
carbon monoxide may be shown by holding a clean cylinder for 
a moment over a burning jet of the gas, and then pouring into 
the cylinder some lime-water. 

This is more strikingly done, and at the same time the fact 
demonstrated that carbon monoxide is without action upon lime- 
water, by pouiung into a cylinder of the gas some clear lime-water 
and agitating the solution, which will be seen to remain clear. 
On applying a light to the gas, and again shaking the contents 
of the vessel, abundant evidence of carbon dioxide will be seen. 

For this experiment the gas must be carefully purified from 
the dioxide. It should be collected in a stoppered bottle, and a 
small quantity of caustic soda solution introduced and well 
agitated with the gas. The gas should then be decanted into 
a stoppered cylinder, the stopper of which is greased with resin 
cerate, in which it may be preserved for any length of time. 

443. To explode a mixture of carbon monoxide and oxygen. 

Two volumes of the monoxide and one of oxygen are introduced 
into a soda-water bottle, and a light applied to the month, when 
the mixtime explodes with some violence. 

444, To show that a perfectly dry mixture of carbon mon- 
oxide and oxygen will not explode. A straight eudiometer 
of rather wide bore glass tube is made, and two platinum 
wires sealed in at a short distance from the closed end. The 
platinum wires should be rather thick, and the ends which are 
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fo be inside the tube shuuld be fuaed in iiu oxyhydrogeu flame 
until tliere is a little ball or knob of plaiiuuiu formed; the 
object being to avoid heating ihe platiuinn by the passage of 
the spdrk move than is absolutely necessary. 

To prepare the experiment the tube is first carefully heated 
all over, to remove as far as possible tlie moisture from its sur- 
face, wliile still hot it is filled with mercury which has been 
heated nearly to its boiling-point, and allowed to so far cool 
down that it is possible to manipulate it. A mixture of the tU' o 
gases, in the proper proportions, is made to pass through a series 
of drying tubes containing pumice moistened with sulphuric 
acid, and finally through a tube filled with pliosphorus pent- 

oxide, and is then allowed slowly to bubble in) into 

' ^ Eicj 1 an 

the eudiometer, until altout 15 centimetres of the tube ^ ‘ 

are occupied with gas. A cylinder of phosphorus pent/- e-Up 
oxide is then introduced up the tube, through tlie mer- ' 
ciiry. Tills solid c^dinder of the pentoxide is easily and | j 
cpiickly made by taking a short straight glass lube J 
of the required bore, closing one end with a cork, and ^ 
tilling it with the anhydride, which is then firmly - 
pressed down upon the closed end witli a -jusl on made uS 
by fastening a cork upon a piece of glass rod. On p' ;i| 
withdrawing the cork from the end of the tube the ^ 
pentoxide may be pushed out by the pisfon as a compact little 
cylinder ; it should be pushed out on to the mercury in the trough 
and instantly depressed beneath the surface, and put up into 
the eudiometer. The eudiometer with its contents should then 
be removed from the trough and stood in a short glass cylinder 
containing mercury ; a lajev of glycerine should be poured upon 
the mercury in the little cylinder, to prevent any passage of air 
down between the metal and the glass, and so into the eudio- 
meter. The whole must then be allowed to .stand for several 
weeks — if possible, for six months — to allow of tlie complete 
removal of the moisture. 

When it is intended to show that the mixture will not 
exqflode by the passage of the electric spark, it is necessary to 
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iiS(* only a ]‘atbcr feeble spark, anrl to allow only one at a time 
to pass ; the Immmor of tlie iixddctiou coil being liekl in tlie 
fingers, so tbat the passage of the sparks may be regulated at 
will. It will be >seen that, as each spark passes, a feeble com- 
bustion takes place in its immediate path, producing a little 
halo of light, in colour resembling the flame of burning carbon 
monoxide, but the combustion will not be propagated, and the 
contents of the tube will not explode, If the spark be passed 
before sufficient time lias been allowed foi^ the gases to become 
perfectly dry the combustion may be propagated, but not with 
explosive violence, the flame merely travelling slowly down the 
tube. When once ]3ra pared, tlie tube caxi be preserved for any 
length of time. 

445. To show the action of chlorine upon carbon monoxide 
under the influence of light. The formation of carbonic oxydi- 
chloride, or ‘ phosgene gas,^ COOlg, Two equal-sized cylinders 
are filled, one with chloi’ine and the other with carbon monoxide, 
both gases being collected by displacement. The two vessels 
are placed mouth to mouth and the gases allowed to mix, and 
the c^dinclers again covered with glass plates. The contents of 
both cylinders will show a slight yellow colour, from the pre- 
sence of the chlorine. If one of these be exposed for a short 
time to the electric light, the colour will rapidly disappear, and 
the contents of the cylinder, wlien allowed to escape into the 
air, will evolve dense fumes, owing to the decomposition of the 
oxychloride in contact with the moisture of the air, into hydro- 
chloric acid. 

446, To prepare iiiokel carbonyl, Ni(00)4. A combustion 
tube 70 or 80 centimetres long is filled with nickel oxide, and 
the oxide reduced in a stream of hydrogen at-^a dull-red heat ; 
the operation of reduction is complete when no deposition of 
moisture is seen to take place upon the surface of a piece of 
mirror held in the issuing stream of hydrogen. The tube is 
then allowed to cool with a alow stream of hydrogen passing 
through it. It will be found convenient to fill three such tubes, 
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for, altliougli the experiment can be performed with one, the 
yield of the compound is Small. If the tubes are corked up 
they may be preserved if necessary for a day or two before beiug 
used, but it is more advantageous to use them as soon after 
the oxide has been reduced as possible. 

The tubes are arranged side by side, and a stream of carbon 
monoxide, after being bubbled through sulphuric acid, is passed 
through them. The issuing gas, which consists of carbon mon- 
oxide charged with nickel carbonyl, is led througli a condensing 
tube in a freezing mixture, where the nickel compound is 
eoTidensed as a colourless, mobile, and highly refracting liquid. 
A certain (|uantity, however, of the compound escapes camdensa- 
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tion, and is carried forward with tlie excess of carbon monoxide. 
As the vapour of nickel carbonyl is highly poisonous it is 
necessary that the escaping gas be eitlier delivered into a 
draught flue, or, what is better, it may be collected in a second 
gas-holder and used over again • in this way a much smaller 
quantity of carbon monoxide will be required. By continuing 
the operation for a few hours 20 or 30 cubic centimetres of the 
liquid can readily be obtained, which may be preserved in a 
sealed tube. 

In order to seal it up it is poured from the condensing tube 
into a glass tube closed at one end, and constricted at a short 
distance from the other, the tube being placed in a freezing 
mixture. When the liquid has been introduced, the air is dis- 
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j)la(‘ed by delivering dry carbon dioxide into tlie tube by means 
of a pieoe of finely drawn-out glass capable of passing the con- 
striction) and the tube then sealed at the constricted part by 
means of a small blowpipe flame. * 

447. To show the character of the flame of burning nickel 
carbonyl, the gas which escapes condensation in the freezing 
mixture may be used. The gas is caused to pass through a 
piece of hard glass tube and ignited as it issues from the end, 
when it will he seen to burn with a highly luminous flame, 
producing a smoke of nickel oxide. 

If a white porcelain dish be depressed into the flame a black 
deposit of nickel is obtained, but if the dish be held near the 
tip of the flame a greenish deposit of nickel oxide will be 
formed. 

448, To show the decomposition of nickel carbonyl by heat. 

The hard glass tube above mentioned may be heated by a 
Bunsen flaine, when a lustrous mirror of nickel will be de- 
posited upon the glass ; at the same time the luminous character 
of the flame will disappear, until, if the gas be not passing too 
fast, the flame will assume the blue colour characteristic of 
burning carbon monoxide. 

In this and the former experiment it is advisable to raise 
the tube in the wash-bottle above the surface of the acid, or 
to tip the bottle until the gas no longer bubbles through the 
liquid, in order that the issuing gas may burn without inter- 
mission. 


METHANE (Marsh Gas), CH4 

449. Preparation from sodium acetate and soda-lime, 
CHa.COONa + ^faHO.^Na^COa-pOH^. A quantity of sodium 
acetate (about 30 grams) is mixed with three times its weight 
of soda-lime, and the mixture strongly heated in a copper flask. 
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The gas iliay be washed through strong sulphuric acid in a 
Woulfs bottle to remove any illuminating hydrocarbons with 
which it may be mixed. If it be only required to perform the 
exq}eriment on a small scale, a Florence flask may be substituted 
for the copper one ; the flask must be supported in a position 
nearly horizontal, with its neck directed slightly do\vnwards so 
that condensed moisture may nob run back upon the hot glass. 

450. Preparation by the action of zinc-copper couple upon 
methyl iodide. OH3I + OH3.HO -f Zu=:ZnI(OOH3) -h OH^. The 
zinc-copper couple for this experiment may be prepared as de- 
scribed under Hydrogen, Experiment 3. A much more con- 
venient and expeditious method of obtaining the couple is 
simply to add to dry zinc-dust about one-tenth of its weight 
of dry copper oxide, and shake the two powders togetlier in a 
flask; the couple so prepared is equally as efficient as that 
produced by the usual method, and may be employed in the 
experiment above referred to for the de- 
composition of water, in cases where the 
couple is required* dry, this method is espe- 
cially advantageous, as it at once does away 
with the troublesome process of drying the 
couple which has been prepared by the wet 
method. Some of the couple is placed in a 
small and rather wide-mouthed flask fitted 
with a cork, through which pass a dropping 
funnel and a scrubber tube (fig. 137). This 
latter is a long piece of wide tube, one 
end of which has been drawn out or fused 
on to a piece of smaller tube. This tube is 
filled up with granulated zinc which has been immersed in a 
dilute solution of copper sulphate, and fitted at the upper end 
with a cork carrying a delivery tube. A mixture of methyl 
iodide and methyl alcohol in equal volumes is placed in the 
dropping funnel and allowed to fall upon the copper couple. 
The evolved gas as it passes up through the tube containing the 
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coppered' jiinc, will be scrubbed free from vapour of methyl 
iodide, and the gas may be collected over water in the usual way. 

461, Preparation by the action of water upon zinc ^methyl. 
Zu(CH 3 ) 2 + 2H20 = Zn(tI0)2 + 20Hj. A small quantity of zinc 
methyl is diluted with dry ether until the liquid is no longer 
spontaneously inflammable, d^lie efclier is best dried by throwing 
into it a few fragments of freshly cut metallic sodium and 
leaving it to stand for a few hours. 

The ethereal solution of zinc methyl is poured into a short 
glass tube closed at one end ; the tube so filled is covered by the 
finger and the contents decanted up into a cylinder filled with 
water and inverted in a pneumatic trough. The ethereal solu- 
tion rises within the cylinder and marsh gas is disengaged with 
the precipitatioxi of zinc hydrate. The gas should be agitated 
with the water to wash out of it as much of the ether vapour as 
possible before applying a light to it. 

462, To show the inflammability of marsh gas and the non- 
luminosity of the flame. The gas for this experiment must be 
specially purified. The sample obtained by the action of water 

upon zinc methyl will burn with a luminous 
flame owing to the ether vapom* which is 
present, but that produced by either of the 
other methods described, if washed through 
sulphuric acid, will answer the purpose. 
The gas should be buimt from a clean fish- 
tail buiner. 

463. Tliut marsh gas when lieated to 
redness will burn with a brightly Itiiainous 
flame may be shown in the following man- 
iier. A piece of narrow iron gas-pipe, sur- 
rounded by a piece of wider iron pipe, is 
made to pass tliraugli a charcoal fire contained in a perforated 
sheet-iron cylinder (fig. 138). In this way both the iron pipes 
become heated to redness. The smaller inside tube is couuected 
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to a gas-holder coiitaimug marsh gasj and a small jet of the gas 
ignited as it issues from the pipe. An ordinary Argand lamp- 
glass is then placed upon a flange which is fastened to the outer 
iron tiAe, so that the air which supplies the flame also becomes 
heated to redness by its passage up the space between the 
two pipes. Under these circumstances the luminosity of the 
buiming marsh gas is considerably greater than that of ordinary 
coal gas. 

464, The explosion of a mixture of marsh gas and oxygen 
may be shown by introducing into a soda-water bottle a mixture 
of one volume of marsh gas and two of oxygen and applying a 
light to the mouth of the bottle. 


ETHENE (Ethylene). 

466, Preparation horn alcohol by the action of phosphorus 
pentoxide. — H^O = A quantity of the anhydride is 

placed in a small flask and a few drops of absolute alcohol added. 
A cork carrying a short straight glass tube is inserted and the 
flask gently heated. Etliylene is rapidly evolved and may be 
inflamed as it issues from the tuhe. 

466, Preparation from alcohol by the action of sulphuric acid. 
(Constant process.) Strong sulphuric acid is diluted ^vith one 
fourth of its volume of water and the mixture heated in a flask 
to 165^0. The flask, which should not be more than about 
one fourth tilled with the mixture, is fitted with a cork through 
which pass a wide tube reaching nearly to the bottom of the 
flask, an exit tube, and a thermometer which also dips into the 
liquid. The wide tube is fitted at its upper end with a cork 
carrying a little dro]')ping tube arrangement (fig. IS9), which 
is BO cousiriicted that the rate at which the alcohol runs in 
can be seen as it drops from the fine tube, and also that the 
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alcohol shall be delivered gently beneath the surface of the hot 
liquid by having the lower point bent so that the alcohol shall 
be made to run down the sides of the wider tube. The alcohol 
may be conveniently contained in a large dropping funnel sus- 
pended above the apparatus and connected to it by means ot a 
piece of caoutchouc tube. The gas should be led through a 
Woulf’s bottle containing water, and is then collected at the 
pneumatio trough. If methylated spirit be employed the mix- 
ture in the flask soon blackens and thickens and is very liable 
to froth over, hence the necessity for employing a flask of con- 
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siderable capacity. The tendency to froth may be lessened by 
adding sand to the mixture, or by placing a thin layer of parafiin 
oil upon the surface of the liquid. The inconvenience arising 
from this cause is much more effectually obviated by a slight 
modification of the apparatus. Instead of allowing the alcohol 
to drop into the hot sulphuric acid, the spirit is contained in 
a flask and gently heated, and the vapour delivered into the 
heated acid. In this way the impurities in the spirit are not 
brought into contact with the acid, and consequently there is 
no charring of the mixture: the operation, therefore, may be 
continued for a much longer time. 
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Wlieii a small quantity of ethylone is required it may 
be obtained by gently lieating in a flask with a delivery lube a 
mixture consisting of thirty cubic centimetres of strong sulphuric 
acid, ten cubic centimetres of water, and ten cubic centimetres 
of pure ethyl alcohol. 

467. Preparation hy the action of alooholio potash upon ethyl 
iodide. CgHgl -f KHO = KI -|- HgO 4 OgH^. This may be shown 
in a precisely similar manner to that described for the prepara- 
tion of acetylene (see Exp. 46G), substituting ethyl iodide for the 
ethylene dibromide. As this reaction is not very rapid, 
necessary to employ the apparatus with the two reflux condensers, 
otherwise the alcohol will boil off before any quantity of ethylene 
is obtained. 

468. Preparation by the action of zinc-copper couple upon 

ethylene dibromide. 4 /u = ZiiBi\ 4 Ethylene 

di bromide is diluted with its own volume of alcohol, and a few 
cubic centimetres of the mixture poured upon a quantity of zinc- 
copper couple contained in a small flask with a wide delivery 
tube. The mixture gradually becomes warm, and ethylene is 
evolved. The flask may be very gently heated to start the re- 
action, but the source of heat must be removed as soon as the 
action has commenced, as considerable rise of temperature 
accompanies the reaction and the evolution of gas is liable to 
become tumultuous ; for this reas()n a wide delivery tube is 
desirable, 

469. The combustibility of ethylene, and the luminosity of 
the flame may be shown by burning the gas at an ordinary fish- 
tail burner, the gas being previously collected in a gas-holder. 

460. The absorption of ethylene by bromine may be illustrated 
by placing in a round-bottomed flask, or ^ bolt head,’ a small glass 
bulb .of bromine, and then filling the vessel with ethylene over 
water. The flask is closed by a caoutchouc cork carrying a glass 
stopcock, Tlie bulb is broken by shaking against the sides of the 
vessel and the bromine exposed to the gas by causing it to rim 
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oyer tlie sides of tie vessel. It will ho seen that the colour of the 
bromine disappears, and an almost colonrlesa oily liquid is formed. 
On opening the stopcock beneath water, the fact that the gas 
has been absorbed will be seen by the water rushing into the 
flask. The amount of bromine to be used must be carefully 
arranged so that there is a slight excess of ethylene, in which 
case the colourlessness of the ethylene bromide will be seen. If 
an excess of bromine be employed, the absorption will be more 
complete, but the colour of the bromine will not be removed. 
From 6 to oi»ams of bromine to the litre of ethylene will give 
a satisfoctf )ry result. 

461. The absorption of ethylene by finning sulphuric acid 
may be shown by introducing the gas into a tube standing over 
mercury, the tube being furnished at its upper end with a 
stoppered funnel. A small quantity of the fuming acid is 
allowed to enter the tube and slowly to trickle down the side of 
the glass, when the gas will he gradually absorbed. 

482. For the liquefaction of ethylene see Liquefaction of 
Gases, Exp. 655, 


ACETYLENE. 

463. Synthetical formation, by the union of hydrogen with 
carbon in the electric arc, A glass globe having three tubulures 
is fitted up as seen in the figure. Two stout wires, to which 
are attached carbon rods, are passed through two corks placed 
opposite to each other, the wires being sufficiently easy in the 
corks to allow of the carbons being moved from the outside. 
Through one of these corks there also passes a glass tube, which 
serves as the exit tube for the gases ; the other neck is occupied 
by a cork through which a tube passes, and by means of which 
hydrogen gas is led into the apparatus. A small quantity of 
sand should be placed in the globe, to prevent any fragments of 
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heated carbon which drop from cracking it. The gas as it 
leaves the globe is passed through a flask containing ammoniacal 
cuprous chloride, the tube delivering the gas ending just below 
the cQrk, while the exit 
tube reaches nearly to the 
surface of the liquid. A 
stream of hydrogen is passed 
through the apparatus, and 
when the air is expelled the 
two carbons are brought 
together and a small electric 
<arc, from tlie current yielded by twenty Grove’s cells, is maij)- 
tained within the globe. The acetylene so produced is swept by 
the hydrogen into the flask containing the copper solution, and 
there manifests its presence by the formation of the red cuprous 
acebylide. Ou^Cl^, 21^H, + Efi ^G,H,r=2NHfil + G,H,Gi^O. 

464 , The solution of cuprous chloride may be prepared as 
follows: — A quantity of strong hydrochloric acid is boiled in a 
flask, and copper Qxide added in about the proportion of 10 grams 
to TOO cubic centimetres of acid. A quantity of copper clip- 
pings or turnings is then introduced and the solution, boiled for 
about Iialf an hour in contact with the excess of copper. The 
solution of cuprous chloride so obtained is largely diluted with 
water, and the white precipitate of cuprous chloride allowed to 
settle, and washed once or twice by decantation. It is then dis- 
solved by adding to it a strong solution of ammonium chloride ; 
the solution so obtained will probably be slightly brown in 
colour, but by acidulating with a few drops of hydrochloric acid 
and placing in the solution a few strips of metallic copper, the 
solution will soon become colourless, and may be preserved. Foi' 
use the solution is rendered alkaline by adding a few drops of 
strong ammonia. 

A stock of the cuprous chloride may be conveniently ob- 
tained by pouring the solution of copper oxide in hydrochloric 
acid into a large bottle previously one-third filled with copper 
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clippings, and allowing the whole to stand for some days or 
weeks, the bottle being closed with a caoutchouc stopper. The 
solution soon becomes nearly colourless, and a thick deposit of 
cuprous chloride gradually accumulates at the bottom ; a quan- 
tity of this may be taken as required and tz'eated in the manner 
described. 

465. Preparation from calcium carbide. Ca02 + 2H20 
=CaH202 + 02112. Acetylene is most readily obtained by 
acting upon calcium carbide (which is now an aiticle of 
commerce) with water. A few fragments of the carbide are 
placed in a dry flask which is provided with a dropping funnel 
and delivery tube. Water is allowed slowly to enter, drop by 
drop, whoa a rapid and steady evolution of acetylene at once 
takes place. Large quantities of tlie gas can in this way be 
prepared in a few minutes; 

486. Preparation by the action of alcoholic potash upon 
ethylene bromide. OyH^Br^ + 2KHO = 2KBr + 2H2O 4 C2H0. 
A small wide-necked flask is fitted with a cork, carrying a drop- 
ping funnel and a reflux 
condenser ; a delivery tube 
from the upper end of the 
condenser passes into a 
second similar flask also 
carrying a reflux condenser, 
this tube reaching nearly to 
the bottom of the flask. A 
second delivery tube carries 
the gas to the pneumatic 
trough (see fig. 1+1). 

Alcoholic potash is gently 
heated in both flasks, and 
ethylene bromide allowed to drop into the first. The gas which 
is produced carries with it the vapours of alcohol and ethylene 
bromide, a portion of which condenses in the first reflux con- 
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denser and is returned to tlie flask. Suck ethylene bromide 
as is carried forward is decomposed by being made to bubble 


through the alcoholic potash contaiued in 
the second liask, and the gns which leaves 
after being deprived of alcohol l)y II 10 
second condenser nmy be collected at the 
pneumatic trough, and will be found to be 
pure acetylene. If only small quantities 
of the gas are required the reflux con- 
densers may be dispensed with and the 


Fig. U2. 



simpler apparatus shown in flg. 142 may be substituted. 


467. Preparation from cuprous acetyZide. 

^CUoda + HgOd- OgHg. A quantity of freshly-prepared and 
undried cuprous acetylide is placed in a small flask fitted 
with a delivery tube. The flask is then filled nearly to the cork 
with hydrochloric acid. On gently av arming the solution, effer- 
vescence sets in and acetylene is evolved. 


468, To show, the formation of acetylene by passing electric 
sparks through marsh gas. A Avide glass tube, about 20 centi- 
metres long, is fitted at each end Avith a cork through which 
pass a short glass tube and a stout metal Avire. A gentle cur- 
rent of marsh gas is passed through the tube and a stream of 
electiic sparks is discharged between the wires. The gas, as it 
leaves the tube, may be passed into a flask containing the 
amnioniacal cuprous chloride, arranged As in Experiment 468. 


469. To show the formation of acetylene when a Bunsen lamp 
bxirns at the base. A dry cylinder is held for a few moments 
over the chimney of a Bimsen that is alight below. The cylin- 
der is then covered with a glass plate and a small quantity of 
the solution of cuprous chloride in ammonium chloride is poured 
in, so as to moisten the sides of the vessel. A few drops of 
strong ammonia are then introduced, the ammonia being de- 
livered with a pipette, and made to run doAvn a part of the cylin- 
der that is dry; sufficient ammonia gas Avill be evolved to render 
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alkaline the film of cuprous chloride solution which is moistening 
the sides of the cylinder, and this immediately absorbs the 
acetylene present and forms the red compound. 

470. The presence of acetylene in ordinary coal gas may be 
shown by allowing the gas to bubble for a few minutes through 
ammoniacal cupi’ous chloride contained in a small wash bottle 
or in a U tube. 

471. To show the formation of acetylene during the incom- 
plete combustion of coal gas, which results from burning a jet 
of air in an atmosphere of coal gas. A jet of air is caused to 
burn in coal gas, and the products of the combustion aspirated 
thi’ough atumouiacal cuprous chloride contained in a cylinder. 
For this purpose the apparatus described under ^ Combustion,* 
Experiment 3(11, may be used. A glass tube bent at right 
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angles is introduced into the chimney through the hole in the 
asbestos card, and is connected at the other end to the absorbing 
vessel,* which is in connection with any convenient aspnating 
aj^paratus, such as a Bunsen’s pump. The gaseous contents of 
the lamp chimney are in this way made to bubble through the 
copper solution, where the acetylene is absorbed. 

With this apparatus large quantities of the copper com- 
pound may be prepared, the copper solution being contained in 
a large Woulf s bottle, and the operation allowed to continue for 
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some hours. Two or three tubes, leading to as many separate 
absorbing bottles, may at the same time be inserted into the 
chimney, so long as the united volume of gas which they draw 
away fs nob greater than the volume of coal gas which is passing 
through the apparatus, in which case air would be sucked down 
through the hole in the card, and passing through the copper 
solution would oxidise it. It is easy to ascertain whether there 
is an excess of coal gas escaping either by applying a light, or 
better by bringing a taper which has been lighted and then 
blown out, and is still smoking, near to the hole, and observing 
whether the smoke is carried up, or drawn into the chimney. The 
cuprous acetylide, so prepared after being thoroughly washed and 
carefully dried, may be preserved for years. It should be kept in a 
bottle, the stopper of which is greased, and care should be taken 
to prevent any of the solid from getting between the stopper 
and the neck, as the friction caused by removing the stopper is 
liable to cause the ex].:)]osion of tlio substance. 

472, For the liquefaction of acetylene see Liquefaction of 
Gases, Experiim^nb 054. 


FLAME, AND LUMINOSITY OP FLAME 

473. To show the deposition of solid matter from luminous 
flames, Prom a flame of burning coal gas, A white plate or 
porcelain dish is depressed upon a ordinary gas flame, when a 
black deposit of soot is at once obtained. 

A candle flame, or the flame of any burning hydrocarbon, 
may be substituted for the coal gas. 

474. Prom a flame of burning nickel carbonyl. This gas burns 
with a liighly luminous flame, and wlien a white plate is 
depressed upon the flame, a black deposit of nickel is obtained. 
For the preparation of nickel carbonyl see Experiment 446. 
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475, To show the deposition of solid matter from non-liuninous 
flames. From aflame of antimoninretted hydrogen, This gas burns 
with a flame which is practically non-luminouSj and when a cold 
plate is depressed upon the flame a black deposit of auUniony 
is obtained. 

The same is the case when arseniuretted hydrogen is sub- 
stituted for antimoniuretted hydrogen. 

476, To show the separation of solid particles in a gas flame 
by the formation of vortices in the flame, When two coal-gas 
flames, burning from the ends of straight glass jets, are made to 
impinge upon each other in the manner shown in fig. 144, the 


FlGt. 144 . 



nnder part of the flame will he seen to curl over and extend on 
each side in the form of two horns. By carefully adjusting the 
size of the flames, and the angle at which they impinge, these 
portions of the flame may he made to take up a rotating motion, 
when solid particles will be seen to form in the flame, and will 
spin ronnd as in a vortex, burning with little sparkles as they 
are thi’own out of the flame. 

477c A more striking method of illustrating the same 
phenomenon, and one more easily under control, is seen in 
tig. 145. 

An ordinal^ Argand burner is provided with a chimney 
9 centimetres high. The chimney is covered with a piece of 
fine wire gauze (15 meshes to a centimetre), and an ordinary 
mouth blowpipe, supported in a clamp, is so arranged that tlia 
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tine end presses gently against the wire gauze, in a vertical 
direction. 

The Argand in lighted arid the flame turned down, until 
only tlfe faintest blue ring of flame is left, the object of this 
flame being merely to create a steady gentle draifght up the 
chimney. Coal-gas is then delivered through the blowpi]>e jet. 
The gas will be ignited by the Argand, and when regulated the 


Fig. 3 45. 



flame assumes the sliape of a bowl, or vortex ring. Solid 
particles will be seen revolving in the vortices, aud, owing to 
the rather feeble luminosity of the flame, the sparkles caused by 
their combustion produce a very beautiful effect. 

478. Luminous flames in which no solid matter is present. 
A number of highly luminous flames can be obtained in which, 
from the nature of the products of combustion, and their known 
volatility, no solid matter can be present. 

The flame of hydrogen bnrning in oxygen under pressure, 
This is most readily shown by exploding a mixture of oxygen 
aud hydrogen in a ^ Cavendish ' eudiometer. (See Water, Ex- 
periment 7B.) The combustion of the two gases is attended 
with a dazzling flash of light. 
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479. The flame of phosphoretted hydrogen, huniing in air or 
in oxygen. (See Experiment 547.) 

4S0. The flame of carbon disulphide burning in oxygen. (See 
Experiment 614.) 

481. The flame of a burning mixture of carbon disulphide and 
nitric oxide. (See Experiment 819.) 

482. The flame of burning arsenic in oxygen. (See Experi- 
ment 622.) 

483. The effect of pressure in influencing the luminosity of 
flames naay be illustrated by burning a candle under diminished 
pressure. Eor this purpose a burning candle is placed beneath a 
large air-pump receiver, and the pressui-e quickly reduced by a 
few strokes of the pump. To obviate as far as possible the effect 
of the carbon dioxide produced by the burning candle, a shallow 
dish, as large as possible, is filled With slaked lime and pre- 
viously introduced beneath the bell-jar. As the pressure is 
diminished, the luminosity of the candle wilk be seen to rapidly 
clecreflae ,* but, on allowing aii' to re-enter, the flame will once 
more assume its original condition. Oare must be taken not to 
reduce the pressure too far, or the flame will be extinguished. 
It is well to connect mth the pump a long tube dipping into 
mercury, that the exact pressure in millimetres maybe indicated, 
or to place a small aneroid barometer beneath the air-pump 
receiver. 

484. By burning arsenic under diminished pressure. A large 
two-necked Woulffs bottle, capable of holding six or eight 
litres', is connected with * an air-pump by means of a piece of 
wide glass tube about 30 centimetres long, ^Yhich is loosely packed 
with cotton wool. A similar glass tube, about 40 centimetres 
long, and in which the arsenic is to be burnt, is fitted to the 
second neck of the Woulf’s bottle; this tube is fitted with a 
caoutchouc cork carrying a piece of fine lead pipe which is con- 
nected with an oxygen gas bottle. At a convenient part of the 
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apparatus a gauge must be mti’oclnceclj which may consist of a 
glass tube, not less than 85 centimetres long, dipping into a small 
mercmy trough, and having a rough cardboard scale attached. 
The ap{)aratus is exhausted as far as possible, and the arsenic 
gently heated at one point by a Bunsen flame ; oxygen is tlien 
allowed slowly to enter, when the arsenic will ignite, but will be 
seen to bium with a somewhat feebly luminous flame. 

As the arsenic burns, the pressure may be kept down by 
farther pumping. The products of the combustion will for the 
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most part condense in the W oulf’s bottle, and the cotton wool 
filter will prevent any arsenic us oxide from entering the 
pump. 

The luminosity of the flame of arsenic burning in oxygen 
at the ordinary pressure may be compared. (See Exp. 622.) 

486, By burning an alcohol flame under increased pressure. 
The flame of burning alcohol may be rendered distinctly 
luminous by increasing the pressure of the nir in which it is 
burning. Eor tliis purpose a large and strong glass globe with 
two necks, as shown in the figure, is fitted with two caoutchouc 
corks which can be securely wired into the necks. Through the 
lower cork a spirit lamp is passed, made of a short piece of wude 
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glass tube closed at one end, and fitted at the other with a cork 
carrying a short glass tube through which the wick losses ; the 
cork must either bo pierced with a second hole or have a small 
slot cut longltiTdiiially upon it, to allow of fi’ee commuiiication 
between the outside atmosphere and the iiiterioi' of the little 
lamp. 

Through the same cork which carries the lamp is passed a 
piece of narrow composition or lead pipe ; this pipe should pro- 
ject 3 or 4 centimetres through 
the cork ; the end should be 
closed by being gently ham- 
mered up, and two or three 
small holes pierced in the side j 
the object being to prevent the 
flame of the lamp from being 
disturbed by the draught which 
would be caused if air were 
driven into the vessel through 
the open end of the pipe. This 
lead pipe fe connected to a 
small condensing pump. The second neck of the globe is 
provided with a stopcock. 

The lamp may be supplied with methylated spirit to which 
a small quantity of amyl alcohol (fusel oil) has been added, in 
order to produce a flame which will show a small luminous ti]^. 

The lamp may be lighted by introducing a taper through 
the side neck of the flask ; the cork is then quickly secured, and 
the air rapidly compressed by working the pump. The flame 
will be seen to grow considerably more luminous as the x^ressure 
is increased, and on allowing the air to escape by the stopcock 
the flame will once more assume its original condition. 

486 . The combustion of a mixture of oxygen and hydrogen 
in the Cavendish eudiometer, where at the moment of the ex- 
X)losion the pressure is enormously increased, may be contrasted 
with the combustion of the same mixture when unconfined, as 
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in soap bubbles* A mixture of tbe two gases contained in a 
small gas-holder is made to bubble through a solution of soap 
contained in a mortar, until the vessel is filled with a froth of 
bubbles.* The delivery tube is then removed, and in a darkened 
room the mixture exploded, when it \Yill be seen that there is 
no luminous flash attending the combustion. 

The froth should be ignited by means of a small spirit flame, 
which may conveniently be obtained by plugging a fragment of 
cotton wool into one end of a piece of glass tube, which is tlieu 
dipped into alcohol and ignited. 

48Y. The effect of increased temperature upon the luminosity 
of flames may be illustrated by heating coal-gas to redness before 
its combustion. This may be 
shown by elongating the tube 
of a Buuseu lamp by means 
of a platinum tube about 12 
centimetres long, and of such 
a bore that it will just fit upon 
the Bunsen. Thelj^mp is sup- 
ported by a claTup in a position 
shown in the figure, and the 
supply of air so adjusted tliat the lamp burns with a flame 
which just begins to show luminosity at the tip. On heating 
the platinum tube by means of a powerful Bunsen, the flame 
will be seen to increase greatly in luminosity, 

488. By heating both the coal-gas and air to redness before 
combustion, This may be illustrated by means of the apparatus 
already described (Marsh Gas, Experiment 458). A flame of 
coal-gas, burning under the ordinary conditions, and of the same 
size as that obtained in the furnace, should be placed alongside 
for comparison. 

489. A ready method for roughly comparing the luminosity 
of difterent flames, suitable for lecture purposes, is the shadow 
test. I’or tliis purpose a rod, conveniently a retort stand, is 
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placed near to a small transparent screen (either made of tracing- 
paper stretched over a light wooden framej or, better, a sbeet 
of opal glass), and the two lights which are to be compared are 
eo arranged that the shadows of the rod oast by each flame fall 

Fig. 149. 



in close juxta-position upon the screen (fig. 149). The feebler 
light is then moved nearer to the screen until the two shadows 
are of equal intensity. The relative luminosity of the two flames 
will be inversely as the square of their distances from the 
screen, which is asceidiained by a measure. 

490. The increased luminosity obtained by heating marsh 
gas and air to redness may also be shown, (See Exp. 453.) 

491. By burning boiling phosphorus in red-hot chlorine. 
When phosphorus is introduced into chlorine gas, it spontane- 
ously ignites and burns with a flame of very feeble luminosity ; 
but if the two elements are strongly heated before combination, 
the luminosity is greatly increased. To effect this, a bulb is 
blown near to one end of a combustion tube, which is heated to 
redness in a furnace. Upon the end of the tube is fitted a cork, 
over which a wide glass tube about 80 centimetres long will 
easily pass, the open end of which delivers into a draught flue. 
The other end of the combustion tube is connected to a chlorine 
apparatus, and a stream of gas passed through the apparatus. 
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When all the air has been displaceclj the passage of chlorine 
through the tube is stopped; the wide tube is then with- 
di'aNvn and a piece of phosphorus pushed into the bulb by 
means of a glass rod, and the tube quickly replaced. The 
phosphorus is then heated by means of a Bunsen flame, and 
when it is in active ebullition the stream of chlorine is again 
diverted into the tube; the red-hot chlorine thus. coming in 
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contact with the boiling phosplmrus, the latter element will be 
seen to burn with a comparatively high degree of luminosity. 

It is well to coyer the wide tube ^vith black paper, so tliat, 
if any air is drawn in between the cork and the tube, the light 
produced by its combination with the phospliorus vapour shall 
not be seen, and so mask the effect of the combustion in the 
bulb. 


492. To show the diminution in 
flame by cooling it. A cold block 
of iron, conveniently an ordinary 
domestic * flat-iron,’ is brought 
against a flame of gas burning 
from a fish-tail burner in such a 
way that the flame just plays 
against the cold metal ; it will 
be seen that the luminosity is 
almost entirely destroyed. 


luminosity of a coal-gas 

Fig, 151. 



493. This experiment may be modified in the following 
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way ''Phe flainron is replaced hy a stout platinixm dish, which 
is supported by a clamp in the posidon shown in fig. 152. A 

small gas flame, burning from a 
fine jetj is made to impinge* against 
the dish, whereby the luminosity ot 
the flame is nearly destroyed, A 
small blowpipe flame is then 
directed into the dish so as to 
strongly heat the metal at the 
point where the outer flame im- 
‘ pinges upon it. As the platinum 
becomes hot the luminosity of the flame is restored very neaidy 
to its original brightness, 

494. The shadows cast by flames. When certain luminous 
flames are placed between a strong light and a screen, it will be 
seen that tiiey cast a distinct shadow, which will be found to 
be coincident with the luminous portion of the flame ; this fact 
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is considered by some chemists as a strong argument in support 
of the solid particle theory. The phenomenon may be shown 
with either a candle flame or a flame of burning coal-gas. A 
strong ray from a naked light is allowed to fall upon a small 
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transparent screen either of tracing-paper nr opal glass, and a 
lighted candle placed in the path of the beam‘ so that its 
shadow may fall upon the screen (fig. 153) ; there will he 
seen in the central part of the shadow of the flame a dark 
shadow ; by holding a pair of dividers against the luminous 
portuai of the candle flame, it will be seen that this dark shadow 
is coincident with it. If the flame be disturbed by slight 
draughts and so made to smoke, the shadow of the hnniuons 
portion will be seen to extend into the shadow cast by tlie smoke. 
A flame of coal-gas burning from a straight jet shows the same 
phenomenon as a candle flame. If the gas he binnt from a 
fish-tail burner, and the flame be placed broadside to the screen, 
no shadow is observed ; on turning the flame edgeways to the 
screen it is of sufficient thickness to cast a veiy distinct shadow, 

496. Instead of casting a shadow by means of a naked light, 
which shadow must of necessity he rather small and therefore 
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not easily seen by a large audience, it is possible to project 
a magnified image of the flame upon tlie screen iu the usual 
manner by the use of lenses. 
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The combmation of lenses most suitable for the purpose is 
described under Lantern Illustrations, and if a right-angle 
prism be employed' as shown in the figure, the image of the 
candle and flame will be reinverted. Besides the fa6t that 
in this way the phenomenon may be rendered more visible to an 
audience, this arrangement has the additional advantage of giving 
no image of the flame, and heated current of gases rising from 
it, resulting from differences in refraction. In the case of the 
simple shadow above described, the shadow of the whole flame 
is almost as pronounced as that of the central luminous part, 
which appears as a dai’ker portion in the midst of the flame. 
By the use of the lenses this effect, due to refraction, is so 
much diminished as to be hardly visible. 

496, A large number of luminous flames can be produced 
which do not cast any shadow when placed in a strong light as 
above described. 

(]) The flame of carbon diauliDhide burning in ozygen 
(see Carbon Disulphide, No. 614). 

(2) The flame of phosphoretted hydrogen burning in air, or 
with still gi’eater lumijiosity in oxygen. 

(3) The luminous flame of hydrogen charged witli chloro- 
chromic acid. This is produced by passing hydrogen through a 
small flask containing a few cubic centimetres of chloro-chi’omic 
acid, obtained by distilling a mixture of sodium chloride, potas- 
sium bichromate, and sulphuiuc acid. 

(4) The flame of coal-gas itself when burnt in oxygen. A 
similar apparatus to that employed for Nos. 1 and 2 may be 
used, and it will be seen that as the flame is surrounded with 
oxygen, although its luminosity increases, its shadow gradually 
vanishes. 

(5) The flame of hydrogen or carbon monoxide impregnated 
with nickel carbonyl (see Carbon Monoxide, No. 446). 

497. The Bunsen flame. The two chief principles involved 
in the construction of the Bunsen lamp are briefly the following. 
First, that when a stream of gas is made to issue from a small 
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orifice a partial vacuum is produced in tbe immediate neigli- 
bourliood of tlie jet ; and, second, the relation between the 
velocity at which the gases issue from the lainp and the rate of 
propagation of combustion in the mixture of air and coal-gas. 


498. To illustrate the fact that the escape of a gas through 
a narrow jet causes a reduction in pressure, a number of experi- 
ments may be arranged. A steel gas-bottle containing either 
oxygen or hydrogenunder great pressure is furnislied with 155 . 

a jet made by soldering upon the ordinary nozzle a stout 
brass plate, about 6 centimetres diameter, in the centre 
of which a small hole has been drilled. The bottle is 
supported in a vertical position with the jet directed 
downwards. The valve of the bottle is opened wide so 
tJiat the gas may rush from the jet witli its full force,' 
and a disc of metal, either iron or brass, about S 
centimetres diameter and 1 ceiilimetre thick, is held 
in the jet, when it will be seen that, instead of being 
blown away by the rush of gas, it is held up by the partial 
vacuum wliich exists in the area surrounding the jet. 
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499, The same phenomenon luay be shown by a slight modi- 
fication of the experiment whereby a very much less pressure of 
gas is required. A circular glass plate, 10 centimetres in diameter, 
having a hole in the 
centre, is fitted upon a 
cork through whicli 
passes a straight piece 
of glass tube, tlie end 
of which has been nearly 
closed up by being heated 
in a blowpipe flame until 
the orifice is about 2 
millimetres in diameter. 

The end of the tube and the cork are made flush with the surface 
of the glass plate. Three small pieces of cork, about 8 milli- 
metres thick, are cemented upon the under surface of the plate 
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as feet, in order that^ tlie apparatus may be stood over a disc of 
cardboard without touching it. If while it is standing in position 
a stream of gas he driven thi’ough the tube (either by blowing 
with the mouth or by means of compressed gas from a^'bottle) 
the cardboard disc will be lifted from the table and will adhere 
to the glass. Tlie instant the current of gas is stopped the 
disc falls. It is much better to employ a stream of gas from a 
bottle of compressed hydrogen or oxygen than to blow with the 
mouth, as in the latter case the moisture accompanying the 
breath is apt to curl the card, besides wetting the glass. 

600. The same phenomenon may also be illustrated by 
causing a strong jet of gas to escape immediately above along 
glass tube which dips into water, when this area of reduced 
pressure will be manifested by the rise of water in the tube. 
For this purpose a long glass tube drawn to a jet at one end 
and bent at right angles at a point about 15 centimetres from 
the end is cemented into the nozzle of a bottle of compressed 
gas, either oxygen or hydrogen (fig. 157). A second tube also 
draAvn to a blunt point is attached as shown in the figure, so 

that its end is near to and slightly 
below the point of the other tube. 
This tube is made to dip into water. 
Upon opening the valve and causing 
a stream of gas to blow across the 
orifice of the vertical tube, the water 
will be drawn up to the point, and 
forcibly scattered as a fine spray. 

601, A convenient apparatus for 
showing smaller effects of this order 
may be constructed in the following 
way. A bulb, blown upon a piece of 
glass tube about 12 millimetres bore, 
has a branch tube bent as shown 
in the figure. To this, by means of a small pieco of caoutchouc 
tube, a long piece of glass tube is attached. Into the bulb-tube 
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is inserted a glass jet reacliiug rather more than lialf-wa^ into 
the bulb. The apparatus is filled with coloured water so that 
the jet projects alDOve the liquid, and the long tube is supported 
so that the water reaches nearly to the open end, Upon blow- 

Fig. 168 , 


/ 


ing with tlie mouth through tlie jet, hy means of the flexible 
tube, the same area of reduced pressure will be created round 
the jet, which will cause the coloured liquid in the tube to be 
drawn along towards the bulb, 

502, By means of a small manometer of this description it 
may be shown that in the Bunsen lamp this area of reduced 
pressure exists in? the neighbourhood of the small jet at the base 
of the cliiumey, and that it is owing to this fact that air is 
drawn in through the ‘ air-lioles.’ A brass tube about 3 centi- 
metres long is soldered into 
oue of the air-holes of a Bunsen 
lamp, and the remaining hole 
or holes stopped up. Into the 
brass tube is fitted, by means of 
a cork, the end of a small mano- 
meter somewhat similar in con- 
struction to that above described, 
and containing coloured water 
(tig, 159). The apparatus is placed 
upon a levelling block (see fig. 45), 
and supported in front of the 
lanteru in such a position that an image of the small straight 
glass tube can be projected upon the screen, the liquid being 
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brought into the field by means of the levelling screws. The 
Bunsen is connected with the ordinary gas supply, and, as soon 
as the gas is turned on, a movement of the liquid in the tube 
will at once be seen to take place in the direction towards the 
bulb 5 on turning the gas off, the liquid will return to its former 
position. 

The turning on and off of the gas should be done at the 
supply and not by the cock upon the lamp, in order to avoid 
disturbing the apparatus. 

f 503. To show that in order that a Bunsen lamp shall burn 
there must be a certain relation between the velocity of the 
issuing gases and the rate of propagation of combustion in the 
mixture of air and gas* A lighted Bunsen may be slowly turned 
down ; when the velocity of the issuing gas has been retarded 
to a certain point, the flame ivill be seen to ^ strike down ^ the 
chimney; that is to say, the combustion of the mixture of 
air and gas will be propagated through that volume of it which 
is at the moment in the chimney, and the 
gas Avill be ignited at th^ small jet within 
the lamp, 

604, This experiment may be shown 
in a more striking manner by means of 
the following device. A glass tube about 
60 centimetres long and 2 centimetres 
bore is fitted on to a funnel as shown in 
the figime. Coal-gas is delivered through 
a small glass tube supported beneath the 
funnel, and the mixture of gas and air is 
inflamed as it issues from the top of the 
tube. A piece of platinum foil should be 
inserted in the top of tlie glass tube, so 
as to form a short platinum tube project- 
ing about a centimetre above the glass ; 
this prevents the glass from being cracked by the heat of the 
flame. If now the velocity of the issuing gases be checked by 
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gradxially reducing tlie supply of coo .-gas, a point will be reached 
when the flame will recede down the tube. By a little adjust- 
ment the flame maybe caused to travel down either rapidly, 
or so i?lowly that its progress can be easily watched. 


Fig. 161. 

A 


' 505. If the long glass tube be slightly choked at any point, 
the upward velocity of the gases at the constricted part will 
be increased, and tlie receding flame may be 
made to stop in its descent down the tube at 
this point where the upward velocity of tho 
gases is greater. This may be shown by intro- 
ducing into a tube similar to flg. IGO a roll of 
asbestos cardboard, 2 millimetres thick, form- 
ing a short tube 8 or 4 centimetres long. This 
is pushed down about 12 centimetres from the 
top. A mixture of air and gas is passed up 
the tube as described above, and wlieii the gas 
is so adjusted, that the flame slowdy descends, 
it will be seen that it stops in its downward 
movement when, it reaches the asbestos, and 
there remains stationary (fig. 161). It will be 
seen that the entire flame does not recede down 
the tube, but only that part which appears as 
the inner cone ; the outer cone or skin of the flame remains 
still burning at the top, although rendered very languid on 
account of the products of the combustion of the other. 




A 



506. This experiment may be rendered more under control, 
and the phenomenon better studied, by a slight modification of 
the apparatus, whereby the supply of air can be regulated as 
well as that of the gas. 

For this purpose a glass tube, *50 centimetres long and 15’ 
millimetres bore, is fitted at one end with a cork carrying a 
T piece, preferably of metal. This tube is surrounded by a 
second tube 22 millimetres bore, which is made to slide easily 
up and down over the inner tube by means of two rings of 
asbestos cardboard (c o, tig. 1G2) which are cemented upon the 
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inner tube. Both tubes ai'e provided with platinum ends as 
described above. 

The outer tube is lowered until the top of it is level with 
that of the inner one, and coal-gas is passed in by one iimb of 
the T tube and inflamed as it issues ; a stream of air is then 
diiveu in through the other limb, the flame at once is converted 
into the ordiiiaiy non-luminoua Bunsen flame ; by regulating 
the supply of air and coal-gas the flame can readily be brought 
into a condition in which it will nearly recede down the tube. 


Eia. 1G2. Fig. ig3. 



It then presents the appearance shown in fig. 163, tlie inner 
cone being greatly reduced in height, and appearing of a curious 
greenish colour. If^ while the flame is in this condition, the 
outer tube be raised, the outer mantle of the flame will be lifted 
away from the inner cone, and the latter will continue to burn 
at the orifice of the inner tube, while Ihe outer flame is burning 
above it (fig. 162), If^ now, the proportion of air to gas be dis- 
turbed, the inner flame can be made either to ascend to the 
mouth of the upper tube, and the ordinary Bunsen flame repro- 
duced, or to recede down the inner tube to the bottom ; by 
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increasing the coal-gas the inner flame ascends, and by in- 
creasing the air supply it descends. 

The air for this experiment is best supplied from a large 
gasometer, capable of holding several cubic feet,^ but in the 
absence of this a sufficiently regular stream may be obtained by 
a combination of an ordinary foot-bellows, as itsed for a blow- 
pipe, with a small gas-holder. The arrangement is shown in 
fig. 164. The tube a is in conueobion with tlie bellows, and 
delivers air into the gas-holder, which contains water to a depth 
of about 10 centimetres. The air leaves the holder by the 
second cock, and is passed thi’ough a T tube, one limb of which dips 
into mercury, the other being connected to the apparatus where 
the flame experiment is to be performed. The depth of mercury 
in the bottle must be such that, before air bubbles through, the 
water in the gas-holder has been forced up into the top reservoir 
to a depth of about 7 centimetres. A plug of cotton wool thrust 
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into the neck of the mercury bottle will prevent any splasluiig 
of the metal over the lip. Tim stream of air delivered into the 
flame apparatus is regulated entirely by the screw-cock c. 

Between the bellows and the gas-holder a valve sliould be 
introduced (d, flg. 1G4) in order to relieve the bellows from the 
pressure, and prevent leakage back in that direction. Such a 
valve may be constructed as shown in fig. 165. f is a short 
piece of brass tube upon the end of which is soldered a disc with 
' 1 cubic foot « 28*0 litres. 
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a hole ill it I'athev less than the diameter of the tube. Over this 
is tied a strip of oil silk, aud the whole fixed inside a glass 
tube G by means of a cork. This will allow air to pass only in 
the direction indicated hy the arrow. 

A number of flames may be observed by means of the 
apparatus above described, e.g. mixtures of coal-gas with oxygen 


FIC4. 1G6. 

0 



or coal-gas with nitrous oxide will produce flames which behave 
very similarly to the one above treated of, and, these two gases 
being both readily obtained compressed in cylinders, a regular 
stream of them can be produced without difficulty. 

In the same way ammonia gas mixed with either oxygen or 
nitrous oxide will burn with a flame which may be separated in 
the same way into two parts. 

607. To show that a Bunsen flame is hollow, by introducing 
a match into the inner cone of the flame. A pin is 
pushed through a match, at about 3 centimetres from 
!i|| the tip, aud the match suspended in the chimney of an 

j|[ I unlighted lamp, in the manner shown in the figure. 

The gas is then lighted, when it will be seen that the 
mat^ch will remain suspended within the flame without 
becoming ignited. If the flame be disturbed by a 
dr^-ught, or by gently fanning it, so as to cause the 
walls of the flame to touch the tip of the match, in- 
flammation of the latter at once takes place. 

608. This fact may also be illustrated by depressing 
upon the flame a sheet of white paper, when a charred 
ring will be produced upon the paper. 

For this purpose a Veil glazed and nob too thick 
foolscap paper should be selected, aud for convenience 
the sheets may be cut into four parts. A Bunsen flame about 
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7 ceutimetrcs liigh, having a good air supply, should be placed 
where it is iiofc exposed to much draught, and a piece of the 
paper quickly depressed well 
down iq^on the tiame. The 
paper rapidly begins to char, 
and the instant the ring is 
distinctly visible the paper 
must be quickly removed. By 
depressing the paper upon the 
flame at various angles, charred 
elliptical sections of the flame 
may be obtained. 

It is sometimes suggested 
to soak the ]Daper in a solution 
of alum, and dry it, in order to render it less inflammable, but 
as this process is apt to wrinkle the paper, and always spoils 
its surface, it is not to be recommended. 

609. Instead of charring paper, a very striking method of 
showing the hollow character of a Bunsen flame 

consists in employing paper which is coated over 
with iodide of mercury. Upon depressing a 
piece of such paper upon the flame, the red 
iodide is instantaneously changed to the yellow 
variety at the part where the flame touches it, 
and a yellow ring is produced. The dry 
powdered iodide of mercury is spread upon one 
side of the paper, by being rubbed over the 
surface with the Anger. As only a moderate 
heat is required to effect the cliauge in the 
iodide, the paper must be quickly depressed 
upon the flame, the coated side being upper- 
most, and instantly withdrawn again. 

610, In order to show that the interior of 
a Bunsen flame consists of unburnt gases, a glass tube may 
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be lield in the flame in the manner shown in the figure. The 
gases within the flame will ascend in the tuboj and may be 
inflamed at the upper end. 


SILICON 

511. The reduction of a silicatej by heating with metallic 
sodium, may be shown by heating a fragment of the metal in 
an ordinary test tube. In a few moments the glass becomes 
blackened, owing to the reduction of the silica it contains. 

612. Amorphous silicon may be prepared by IjeaLiug to 
redness in a small porcelain crucible a few grams of potassium 
silico fluoride, and throwing in fragments of sodium, and re- 
placing the lid of the crucible as quickly as possible. When 
cold, the mass appears black. On treating the contents of the 
crucible with water, and filtering the liquid, the silicon is 
obtained as a dark brown, almost black, powder. K^SiPe + 2Naj 
=:2KP + 4,NaP + Si. 

SILICON HYDRIDE, SiH^ 

613. Preparation by the action of hydrochloric acid upon 
magnesium silicide. MggSi + 4H01==2MgGlo + SiH 4 . A small 
quantity of coarsely powdered magnesium silicide is placed in a 
small beaker and di’enched by the addition of strong hydrochloric 
acid. . An instant evoiation of silicon hydride takes place, and, 
the gaa bo evolved possessing the property of spontaneous in- 
flammability, each minute bubble, as it bursts, ignites and 
burns with a bright flash. 

The magnesium silicide may be prepared in the following 
way: 

80 grams of fused and powdered magnesium chloride are 
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introduced into a dry wide-moiitli stoppered bottle. To this is 
added : 

70 grams of potassium silicofluoride, 

10 '^rams potassium chloride, 

10 grams of sodium chloride, and 40 grams of sodium cut 
into small pieces, and the whole shahen together. 

A clean Hessian crucible is heated to bright redness in a 
furnace, and the mixture thrown into it. The lid is replaced as 
quickly as possible, and the whole allowed to go cold. The 
crucible may then be broken up, and the slag coirtaining 
the silicide coarsely powdered and preserved in a bottle the 
stopper of which is greased with vaseline. 

A ready method for preparing a small quantity of impure 
magnesium silicide consists in heating sand with magnesium 
filings. A small quantity of white sand, wliich has been 
previously rendered perfectly dry by being heated on an iron 
tray, is mixed with four times its weight of magnesium filings, 
and the mixture heated strongly in a piece of hard glass tube 
closed at one end. When a particular temperature is reached 
the entire mass glows brightly. When quite cold the tube is 
broken up, and on adding hydrochloric acid to the residue there 
is generally sufficient silicon hy^dride produced to spontaneously 
ignite, and to inflame the hydrogen which is simultaneously 
evolved. 


SILICIC ACID. H,SiO, 

614. If hydrochloric acid be added to a solution of sodium 
silicate, silicic acid in the gelatinous condition is precipitated. 
If, on the other hand, the silicate be added to the acid, the latter 
being always in considerable excess, no precipitation takes 
place, the silicic acid remaining in solution. Strong liydro- 
chloric acid should be used, and the strength of the solution 
of the silicate so adjusted that when portions of the same 
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aolutioii are employed, in the one case the precipitated silicic 
acid is obtained, and in the other the solutions remain clear. 

Na.SiO^ + 4H01=: 4Na01 + H^SiO^. 

If the clear solution be subjected to dialysis, a dilute solution 
of silicic acid free from sodium chloride and hydrochloric acid 
can be obtained. 

5i6. As a lecture expeiiment to illustrate the process of 
dialysis, an emulsion of starch to which potassium iodide has 
been added is a convenient mixture to employ. 

The solutionis thrown upon a small dialyser, which is placed 
upon a glass tripod standing in a shallow dish of water. In a ' 
short time sufficient potassium iodide will have ^mssed through 
the membrane into the water below to give the test for iodine. 
By adding a few drops of chlorine water, it may be shown that 
the starch and iodide have not both made their way through, 
as there will be no blueing of the mixture. On the addi- 
tion of a few drops of fresh starch the blue compound will be 
formed, proving that the iodide alone had diffused through the 
dialyser. 

dialyser is readily made by means of parchment paper, 
which is first wetted in tepid water and then stretched over a 
shallow wooden hoop by means of a second similar hoop which 
is just large enough to slip over the first. An ordinary hair 
.sieve will furnish the most convenient hoops for the purpose. 


BORON 

616. Boron in the amorphous condition may he prepared by 
fusing boron trioxide in a small porcelain crucible by means of 
a blowpipe flame, and throwing into the crucible, the lid being 
partially removed, fragments of sodium. Each 'piece of sodium 
deflagrates upon the surface of the fused oxide, and a black 
mass is formed by the reduction. The amorphous boron may 
be separated by treating the cooled contents of the crucible to 
prolonged treatment with water, and filtering the liquid. 
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BOEIC ACID. H3BO, 

517/Preparation by the action of hydrochloric acid upon 
borax. Na3H2BPQ + 4H2O + 2HOl:=:2Na0l4-4H3BO3. To a 
hot and nearly saturated solution of borax a quantity of strong 
hydrochloric acid is added, which causes an immediate precipi- 
tation of boric acid in the form of crystalline scales. On 
allowing the liquid to cool, a farther quantity of the acid is 
deposited. 

618 . To show the action of boric acid upon turmeric. One 
or two drops of strong siilphuiuc acid are added to a small pinch 
of powdered borax upon a watch glass. The mixture is then 
diluted with water, and the solution placed upon a piece of 
turmeric paper by means of a glass rod. A dark-brown stain 
is produced, resembling somewhat tlie colour produced upon 
turmeric by an alkali. If a drop of a 
solution of sodium hydroxide be brought 
upon the brown ^tain it is nr o]ic6 
blackened. 

619 . To show the colom imparted to 
a flame of alcohol by boric acid. This is 
most strikingly shown by pkiciiig in a 
small flask a few grams of finely p>ow- 
dered borax, and moistening it with con- 
centrated sulphuric acid ; a quantity of 
methylated spirit is then added, and the 
flask closed with a cork carrying a short 
tube sliglitly drawn out at the end. The 
flask is placed upon a tripod, and a 
piece of glass tube 9 centimetres long 
and 12 millimetres bore is supported 
over the jet as shown in the figure. 

Upon boiling the alcohol, the vapour as it issues from the small 


Fig ICO. 
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jet becomes mixed with air as it ascends in the wider tube, and " 
when inflamed at the top burns with a non-luminons flame 
resembling a Biinsen flame, but tinged of a brilliant green 
colour owing to the boric acid which vaporises with the^alcohoL 


PHOSPHORUS 

520. Pure crystallised phosphorus may he prepared by sub- 
limation in a vacuous tube. A small quantity of phosphorus is 
introduced into a tube closed at one end ; the open end is then 
drawn out and connected to a Sprengel pump, and the tube ex- 
hausted. It is then sealed up and the phosphorus gently 
melted, and again allowed to solidify in the end of the tube. 
The object of melting the phosphorus iu this manner is to 
prevent ib from rolling about in the tube, and damaging the 
crystals which are produced. The upper half of the tube is 
then wrapped round' with rag, which is kept constantly moist, 
and the whole placed in the dark, but freely -exposed to the air, 
so that the evaporation of the water from the rag may con- 
tinually keep' the covered part of the tube slightly cooler than 
the rest. In this way colourless brilliant crystals of phosphorus 
will gradually sublime, and if the tube be kept from the light, 
they will retain their brilliancy and transparency unimpaired 
for any length of time. 

521. The ready inflammability of phosphorus may be shown 
by rubbing a small piece between two pieces of wood which 
have been covered with fine sandpaper. 

522. If the point of a penlaiife be drawn quickly two or 
three times over the table with a slight pressure, the friction will 
have raised its temperature sufficiently high that, if it be brought 
in contact with a fragment of phosphorus, the latter will be 
ignited. 

523. If a bar of lead or a piece of lead pipe be struck a 
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few sliavp blows with a liammer upon an anvil or block of 
iron, its temperature will be raised sufficiently liigh to ignite 
pliospborus, 

524! If a bar of tin, about the thickuess of a lead pencil, be 
bent backwards and forwards briskly three or four times, 
sufficient heat will be developed at the point where the metal is 
bent to inflame phosphorus. 

r/' 625. The spontaneous inflammability of finely divided 
phosphorus may be shown by dissolving a small quantity of 
pliosphorus ill carbon disulphide, and pouring tlie solution upon 
a filter paper, supported in a ring upon a retort stand, in the 
course of a few moments the disulphide evaporates and leaves the 
phosphorus in so finely divided a condition that it spontaneously 
bursts into flame, 

526. This experiment may be varied by ap] dying the sola- 
tion upon a sheet of blotting-paper with a camebs hair brush, 
in a design, or writing a word j the time which elapses before 
inflammation takes place being long enough to allow of this 
being done. As the phosphorus inflames, the design or word is 
charred upon the paper. 

\ 527. To show the vaporisation of phosphorus in a current of 

steam, A piece of phosphorus and a small quantity of water 
are placed in a flask fitted with a short piece of straight glass 
tube, about 10 millimetres diameter. On boiling the water, 
the steam which issues from the jet carries with it such a 
quantity of phosphorus vapour that it produces a feebly linuinous 
flame, which is best seen in a darkened room. The temperature 
of this flame is so low that it is incapable of igniting a match. 
A piece of gun-cotton may be held within it without being 
inflamed. 

628. To show the suspended solidification of phosphorus. 
Two or three glass tubes, about 15 centimetres long and 5 milli- 
metres bore, are sealed at one end, and nearly filled with clean 

R 
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pliospliorus. This is best accomplishecl by first melting beneath 
warm water in a small beaker a stick of phosphorus, as clean as 
possible. The glass tubes are filled with warm water and stood 
in a beaker, also containing hot water. A pipette with^a long 
fine drawn-out end is dipped down to the bottom of the melted 
phosphorus, care being taken to first draw a little water into 
the pipette, and the clear and almost colourless liquid drawn up. 
The pipette is then withdrawn and the fine point inti'oduced 
into the tubes to be filled, and the phosphorus allowed to run 
in to a depth of about 10 centimetres ; about 2 centimetres of 
water should be left above the phosphorus. Two or three of 
these tubes should be prepared, and placed in a vessel of water 
a few degrees above the melting-point of the phosphorus. 

One of the tubes is placed in front of the lamp, and an 
image of it projected upon the screen. After the lapse of a 
few minutes, during which the phosphorus will have cooled 
considerably below its melting-point, it is caused suddenly to 
solidify by toucliing the surface of the liquid phosphorus with a 
capillary glass tube, in the end of which there is a fragment of 
solid plios^jliorus. Instantly that this comes^ in contact with 
fche Ihiukl phosphorus, the mass solidifies throughout the entire 
tube, and the change is evident upon the screen by the trans- 
parency of the liquid being destroyed. Aftei- a very short time, 
however, the mass again becomes transparent, 2:)robably owing 
to crystallisation. 

fi39. The rise in temperature when supercooled phosphorus is 
made to solidify may be shown by a slight modifioatioii of the 
experiment, A glass tube, 15 centimetres long and 7 milli- 
metres bore (which is about as wide as can safely be used), and 
rather tliin in the walls, is bent at right angles, at a point about 
5 centimetres I'rom the closed end. It is nearly filled with 
phosphorus in the manner described above. The tube is held 
in a clamp, with its shorter limb resting upon the face of a 
thermopile, which is connected to a galvanometer. "When the 
phosphorus is solidified, as in the above experiment,- the rise in 



PHOSPHORUS 


243 


temperature will cause a marked deflection of tlie needle iu the 
direction indicating heat. 

630, To show that phosphorus does not glow in pxire oxygen. 
A clean stick of phosphor us^ suspended by a piece of string, is 
lowered down into a cylinder filled with oxygen, the room being 
as dark as possible. The glow which the phosphorus emits 
while exposed to the air will be instantly quenched by the 
oxygen. 

631, To show that phosphorus will glow in oxygen under 
reduced pressure, A glass tube 30 centimetres long and Sj centi- 
metres wide is drawn out at one end, and at the other fitted 
with a caoutchouc cork carrying a stopcock. The tube is con- 
nected by its small end to an air-pump, and the stopcock is 
connected to an oxygen supply. A stick of clean phosphorus 
is placed in the tube, and a stream of oxygen passed through. 
As in the above experiment, the phosphorus does not glow. 
Tlie cock is now closed and the pressure reduced b}^ one or two 
strokes of the pump, when instantly the glow makes its 
appearance. If •the pressure be again restored by admitting 
more oxygen the glow once more ceases. As soon as the 
experiment is concluded the stick of phosphorus should be with- 
drawn, and replaced in water. 

532. This experiment may be made on a larger scale, and 
with no risk whatever, by using, instead of a stick of phosphorus, 
a solution of the element iu oil. The tube in this case may be 
much longer and broader, being bent, as shown in the figure, iu 
order to contain the oil. The solution is made by phicing a few 
pieces of phosphorus into a bottle ol olive oil, and gently warm- 
ing the mixture; in a short time the oil, if exposed to the air 
in the dark, will be seen to glow with a very cunsidei'abla 
luminosity. A quantity of this solution is introduced into the 
tube by means of a bent funnel ; the cork carrying a stopcock is 
then replaced and the tube exhausted, in which coudibioii it 
may be allowed to remain until the experiment is actually to 
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be perfoi’uietL Tlie cock is then opened and the tube instantly 
filled with oxygen, when no glow will be seen, but on suddenly 
reducing the pressure the entire length of the tube instantly 
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becomes luminous. In order to produce the effect suddenly it 
is well to connect the tube to an exhausted receiver, which is 
most simply done by placing an ordinary receivex’ upon the plate 
of the air-pump, and previously exhausting it. 

633. To show that phosphorus will not glow in air under 
increased pressure. For this purpose a stout glass tube is sealed 
at one end and fitted at the other with a caoutchouc cork carry- 
ing a stopcock. The cork has cemented upon the top a brass 
plate with two pinjecting ears (fig. 171), and by means of two 
stout brass wires which are fastened to a wooden block, and 
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which at their free ends are bent into tlie form of a hook, the 
cork can be securely held in its position, so that it is not 
blown out when the pressure within the tube is increased. 

A stick of phosphorus is placed in the tube and the cork 
secured in position. By means of a small condensing pump, 
air is forced into the tube, and as the pressure increases the 
glow will be seen to diuaiuiali until it altogether stops. On 
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releasing the pressure by letting out the air the phosphorus 
once more begins to glow. 

534 . To show that certain vapoiu’s when present in air will 
prevent phosphorus from glowing, A few drops of ether, or 
turpentine, or carbon disulphide, are allowed to fall into a 
cylinder full of air, and the vapour to mix with the air. On 
introducing a stick of phosphorus, as in Exp. 530, the glow will 
be instantly stopped. 

535. The action of phosphorus upon potnssium chlorate may 
be shown by placing upon a block of wood a minute pinch of 
very finely powdered potassium chlorate, and moistening it with 
a drop of a solution of phosphorus in carbon disulphide, delivered 
from a fine pipette. In a few minutes, as the liquid evaporates, 
the mixture exqilodes with a loud report. Tliis experiment 
should only bo made upon a very small scale. 

EED PHOSPHORUS 

636. The formation of this allotropic modification, by the 
combustion of ordinary phosphorus in a limited su])ply of air, 
may be shown by igniting a piece of phosphorus contained in a 
dish floating upon water, and covering it with a belPjar; as the 
combustion continues, and becomes more and more feeble owing 
to the diminished supply of oxygen, a quantity of red phos- 
phorus is formed witliin the dish. 

^ 637, By the combustion of ordinary phosphorus in oxygen 

beneath warm water. A few pieces of phospliorus are placed in 
a glass cylinder which is nearly filled with hot water. A stream 
of oxygen gas is bubbled through the melted phosphorus, which 
burns at the bottom of the vessel, at the same time producing 
largo qua nifties of the red modification, 

538. To show the reconversion of red into yellow phosphorus. 
A small quantity of the red powder is placed in a test tube wdiich 
is provided \vith a cork carrying two tubes. A stream of coal' 
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gas is passed tlirougU to displace tlie air, aud wliile a very 
geufcle stream is still circulating, tlie phosphorus is heated over 
» a Bunsen flame. The conver- 

Fio. 172. readily takes placfe, and 

the ordinary phosphorus sub- 
^ limes upon the upper parts of 

■■ " - g the tube in the form of clear 

yellow oily drops. 

639. To compare the beha- 
viour of the two forms of phos- 
phorus towards heat, A strip 
of brass about 20 centimetres long and 2^ centimetres broad is 
lield by one end in a clamp. At a distance of about 4 centi- 
metres from the other end is placed a small quantity of red 
phosphorus, and, at a point about 10 centimetres farther on, a 
fragment of yellow phosphorus is placed. The end of the metal 
strip is heated by a Bunsen burner, which may be brought to 
within about 2 centimetres of the red mo difl cation. It will be 
seen that the distant piece of yellow phosplioinis is the fii^st to 
ignite. 



: 640. A mixture of red phosphorus and potassium chlorate 

may be detonated by placing upon a smooth brick, or the 
bottom of an inverted mortar, a small pinch of finely-powdered 
potassium chlorate, and a rather smaller quantity of washed and 
dried red phosphorus. The two are gently mixed by means of 
a piece of paper. On stroking the mixture with the blade of a 
spatula, and thereby exposing it to a slight friction, it expkdes 
or. detonates with a sharp report. 

64L A solid stick of potassium chlorate when dra^vn across 
the rubbing surface of a safety matchbox will produce a small 
flash of light ; aud if this be performed over a gas-lamp from 
which gas is escaping the gas will be inflamed. The piece of 
potasainr^. chlorate may be obtained by fusing a quantity of the 
salt in a test-tube, and afterwards breaking away the glass. 
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5^2. If a lozenge, made uf a mixture of potassium chlorate 
and sugar, be rubbed against the red phospliorus contained upon 
a safety matchbox, the lozenge will be inflamed, and will con- 
tiuuH "hi burn. The ordinary chlorate of potash lozenge of the 
druggist. luiM usually toti little sugar iii it.s conipositiou to show 
this effect; but sail able pellets may be made by mixing one 
part, by weight, of huely-powdered white sugar with two part?. 
of powdered potassium chlorate, luoistenhig the mixture Avith 
sufficient winter to make it into a stiff pa^te, and moulding it 
into little pellets between the fingers. When dry, one of these, 
when lightly rubbed against tlie matchbox, will at once ignite. 


PHOSPHORETTED HYDROGEN. 

543. Preparation by the action of sodium or potassium hydrox- 
ide upon phosphorus. dNallO-f jP + ^lIoO^-iNaH.jPOo -tPHj. 
The gas evolved from tliis reaction being spoiitaueously iuflain* 
mable, owing to the presence in it of a certain quantity of liquid 
hydride of phosphorus, it is necessary to displace the air from 


Fig. 17 a. 



the apparatus used for generating the gas by some indifferent 
gas, such as hydrogen or coal-gas. For this purpose a flask is 
fitted witli a cork carrying two tubes, as shown in the figure; 
one reaching nearly to the bottom of the flask, the other being 
a delivery tube. This latter tube is bent so as to enter a trough 
or dish placed at some distance finm the flask, in order that the 
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smoke rings which are produced in the experiment may rise 
quite clear of the air-currents produced by the Bunsen lamp. 
The flask is about one-third filled with strong caustic soda 
solution, and a few pieces of phosphorus introduced. A^stream 
of coal-gns is then allowed to pass through the flask until the air 
is di.^placed, when the mixture may be gently heated by means 
of a rose burner. As the tube dips beneath the liquid contained 
in the flask, it is immaterial whether the caoutchouc tube used 
to convey the coal-gas be removed or not during the experi- 
ment, blit as it is convenient to again connect with the gas 
supply at the close of the experiment, it may be allowed to 
remain, the gas being turned off. The delivery tube, which 
should be made of fairly wide bore tubing, is allowed to dip a 
short distance beneath the surface of water in a glass basin. 
As soon as the bubbles of gas which escape are spontaneously 
inflammable, the lamp should be lowered, or temporarily re- 
moved, in order to reduce the rate of evolution to such a condi- 
tion that the bubbles are not delivered into the air faster than 
one in every four or five seconds. In this way, if the air be 
fairly quiet, fine vortex rings of smoke will '‘be obtained, and 
at intervals sufficiently long to prevent them from interfering 
with each other, as would be the case if the gas were being 
generated too quickly. 

544. Preparation by the action of heat on Bodium hypophos- 
pMte, 2NaH2P02 = HNaPO^ + PJEg. When hy pophosphorous 
acid, or a hypophosphite, is gently heated, it evolves phos- 
phoretted hydrogen and is converted into the orfcho-acid, or a 
salt. The most convenient compound to employ is sodium 
hypophosphite (a commercial salt). A few grama of this salt 
are heated in a test tube provided ‘With a cork carrying a 
delivery tube. Phosphor et ted hydrogen is quickly evolved, and 
spontaneously ignites on coming into the air. This forms the 
readiest way of showing the formation and properties of phos- 
phine, but as the evolution of the gas is not quite so much 
under control as when obtained from phosphorus and caustic 
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soda, it IB possible that the smoke rings will not be so perfect. 
In this experiment it is not necessary to displace tlie air from the 
apparatus by coal-gas. 

» 

546. Preparation by the action of alcoholic potash upon 
phosphorus. Two or three sticks of caustic potrQsh are intro- 
duced into a llask about one- third hi led with methylated spirit, 
and a few fragments of phosphorus added. 'The gus produced 
in this reaction is practically free from the liquid liydride, and 
is therefore not spontaneously inflammable ; it is not necessary, 
therefore, to All the apparatus with coal-gas, so that the flask is 
provided only witli a delivery tube conveying the gas to the 
pneumatic trough, where it may be collected in the usnal way. 
Care must be taken not to heat the mixture too rapidly at first, 
for, although phosphoretted hydrogen is not spontaneously inflam- 
mable, its ignition point is extremely low, below the temperature 
of boiling water, so that it is quite possible to get an explosion 
in the flask while there is a mixl^ure of air and phosphoretted 
hydrogen in it if the lieat be Ctarelessly applied. The llame of a 
small rose burner should be employed until the gas is being 
freely disengaged. 

646. Preparation by the action of caustic potash upon phos- 
phonium iodide, PH^I -h KHO =KI + d- A quantity 

of phosphonium iodide is placed in a small flask, fltied with a 
dropping-funnel and delivery tube. Strong aqueous potash is 
allowed very slowly to drop upon tlie compound, when an 
evolution of pure phosphine takes place. 

Phosphonium iodide may be prepared by dissolving 80 
grams of phosphorus in carbon disulphide in a small tubulated 
retort, fitted ^Yith a cork carrying a dropping-funnel and a 
short delivery tube; 50 grams of iodine are gradually added, 
the retort being kept cold during the operation by being placed 
in ice. The retort is then placed in a water-bath, and the 
carbon disulphide distilled oil, a stream of carbon dioxide being 
passed through towards the close of the distillation to carry 
over the last portions. The condenser is then replaced by a 
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straight wide glass tube, supported in a horizontal position, 
and into one end of which the neck of the retort is fixed. 
18 cubic centimetres of water are poured into the dropping- 
funnel, and allowed to enter 1ho retort by drops, a y&lj alow 
stream of carbon dioxide })eing passed through tlie apparatua 
during the entire operation. An energetic reaction takes 2)lace, 
the heat of which volatilises the phos^^honium iodide as it is 
produced, and it is carried along by the current of carbon 
dioxide into the wide tube, where it condenses. After all the 
water has been added, the retort may be gently heated, to drive 
off the renminiug pliosphonium iodide. It is advisable to cool 
the condensing tube by covering it with blotting-paiier upon 
which ice-cold water is allowed slowly to drop. 

547. The combustion of phosiilioretted hydrogen in oxygen 
may be shown by means of the app)aratus described for burning 
ammonia in oxygen (Exp, 278), The jet of phosphoretted 
hydrogen, delivered from a gas-holder, is first ignited in the air, 
where it burns with a brightly luminous flame ; when the flame 
is fed with oxygen its Intninosifcy is increased to a dazzling 
intensity. 

548. To show the action of bromine upon phosphoretted hy- 
drogen. A drop of bromine allowed to fall into a test tube 
filled with phosphoretted hydrogen takes fire as it comes in 
contact with the gas. 

649. To show the action of iodine upon phosphoretted hy- 
drogen. 

(1) PHg + 3l2 = Pl3 + SHL 

(2) PHg-fHl=PH,L 

A few grams of iodine are placed near to one end of a long 
horizontal glass tube about 20 millimetres diameter. A slow 
stream of phosphoretted hydrogen, dried by being passed 
through a chloride of calcium tube, is delivered into the tube at 
the end where the iodine is situated. The iodine is gently 
warmed by covering that part of the tube with a strip of filter 
paper, and allowing warm water to slowly drip upon it. At 
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some little distance a portion of the tube is similarly cooled by 
means of ice-water. The action of the phosphorebted hydrogen 

Fio. 174. 



upon the iodine is in the first place to produce phosphorus 
tri-iodide and hy dr iodic acid, and the nascent hydriodic acid 
then combines with a further quantity of the phosphoretted 
hydrogen, forming phosphoniiiui iodide, which condenses in the 
cooled part of the tube in the form of traus])arent crystals. 

660. The direct combinatiou of phosphoretted hydrogen and 
hydriodic acid may be shown by leading separate streams of the 
two gases into a cooled flask. ]?or this purpose a flask is fitted 
with a cork carrying three tubes, two of which pass nearly 
to the bottom of the llask, while the third ends just below the 
cork ; this exit tube is connected to a tube which dips beneath 
a shallow layer of mercury in the bottom of a beaker contain- 
ing water. Hydriodic acid from a generating apparatus (see 
Experiment 2 1-0) is passed into the flask by one tube, and 
phosphoretted hydrogen (previously prepared and contained in 
a gas-holder) is delivered through the other. At ordinary 
temperatui'es only a very slight combination takes place, but 
if the flask be immersed in a freezing mixture of ice and salt, or 
ice and calcium chloride, dense white fumes at once appear, 
which condense upon the glass, forming a white solid. 

561. When calcium phosphide is thrown into water a mix- 
ture of the gaseous and the liquid phosphoretted hydrogens is 
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])roducedj wKicli ignites spontaneously when it comes inifd^lie 
air. 2P0a-f4H2O==20aH2O5 + p 2 ^ 4 . In order to collect tlie - 
liquid compound a' quantity of calcium pliosphide is placed in a 
flask fitted with a dropping funnel and two tubes. Orfe of the 
tubes is connected to a carbonic acid generator, the other to a 
chloride of calcium tube, which in its turn is attached to a 
U tube immersed in a fi-ee/jiig mixture. A brisk current of 
carbon dioxide is passed through the apparatus to displace the 
air, after which a gentle stream only is allowed to pass. Water 
is gradually admitted by means of the dropping-funnel, when 
the action proceeds, and the liquid compound will collect in 
small quantities in the cooled U tube. 

552. The action of calcium phosphide, as used in the ‘ Holmes 
signal lights,' may be illustrated by placing a few of the 

phosphide in a short piece of glass tube about 85 millimetres 
diameter, drawn off in the form of a blunt cone at one end with 
an opening about 5 millimetres wide, and fitted at the other 
end with a cork carrying a short piece of smaller glass tube 
reaching about half-way up the tube, and ending just below the 
cork, as seen in the figure. The apparatus is fixed into a hole 
cut in a piece of wood in such a way that 
the conical end only just protrudes through 
the wood. The whole is then tin-own upon 
the surface of water contained in a large 
trough, where it floats by virtue of the 
piece of wood. Water at once enters by the tube in the 
cork, and, coming into contact with the phosphide, generates 
phosphoretted hydrogen, which will spontaneously inflame at 
the top of the little apparatus and continue burning for some 
time. 


Eia. 170. 



PHOSPHORUS PENTOXIDE. 

653. Preparation by the combustion of phosphorus in air. As 
a lecture experiment this is iriost conveniently done by burning 
a piece of phosphorus in a small porcelain dish standing on a 
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large slab of porcelain (such as is commonly used on the 
butterman’s scales) or, a slieet of plate glass; in the latter case 
a thin piece of co& ^nld be idaced under ‘ 
the smOill clisli iix wh^ioli the phosphorus is 
burnt. The pho^hor^ is ignited, and a large 
*bell“jar or glass 'shade, having a capacity of 
15 or 20 litres, is placed over it. The phos- 
phorus gradually burns itself out, and a layer 
of the oxide of a considerable thickness will 
collect on the slab of porcelain. On removing 
the glass shade the oxide may be collected 
together mth a spatula, and put into a 
stoppered bottle. 

554. The powerful affinity of phospburns pentoxide for water 
may be demonstrated by tlivowing a quantity of the oxide into 
water, when the energy of combination will be manifested by 
the production of a hissing' sound, resembling the quenching of 
a hot piece of metal by water, 

665. If a small quantity of the pentoxide be placed upon a 
clock glass, and a piece of gun-cotton laid upon it, and a drop 
or two of water be delivered on to the oxide by means of a fine 
pipette, the heat developed by the combination of the oxide with 
the water will be sufficient to ignite the gnn-cotion. 

556 , The power possessed by phosphorus pentoxide of ab- 
stracting the elements of water from certahi compounds is seen 
in iis action upon ethyl alcohol, whereby eth^deue is produced. 
(See Ethylene, Expeidment 465 .). « 

PHOSPHOROUS OXIDE. Pp, 

657. Preparation by the combustion of phosphorus under 
special conditions. Although this experiment is not very suitable 
as a lecture illustration, nevertheless, as it is the only method 
which has hitherto been devised for the formatioii of this coni- 
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pound, a description of tlie process may be given. A condenser 
resembling an ordinary Liebig is constructed of brass tubes 
brazed together; The inner tube should be 60 centimetres long 
and 3 centimetres diameter, and should only project beyond the 
outer tube about 2 centimetres at each end, and one end of it 
should be slightly widened out. A piece of glass tube, the same 
diameter as the inner brass pipe and about 40 centimetres long, 
is bent as indicated in the figure, one end being slightly tapered 
that it may form a rough fit witli the mouth of the brass tube. 
Both the tube and the condenser are supported by clamps. 
No luting is necessary where the glass fits into the metal, as the 
phosphorus pentoxide which is pi’oduced efiectually closes any 
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crevices. Into the other end of the condenser is fitted a cork, 
through which passes the bent limb of a (J tube having a small 
outlet tube at the bottom, upon which is fitted a small bottle. 
Into that end of the condenser of glass wool is 

thrust, to arrest any of the carried along the 

tube. Some little care this filtering plug 

to the best advantage ; it shj^ld be about 8 or 10 centimetres 
long, aiid rather loosely packed, otherwise it soon stops up the 
tulip altogether. The U tube with its bottle is immersed in* 
a freezing mixture of ice and salt. A quantity of phosphorus 
is placed in the glass tube and ignited by introducing a hot 
wire, and a slow stream of air aspii-ated i^ongh the apparatus ; 
as the tube becomes warmed by the bur|iit{^ .lafephorus the rate 
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at wliicli air is clrami tliroiigli mfiy bo iucreasecl, but tlie com- 
bustioix must not be allowed to proceed too vigorously. Ah the 
pliospborus is consumed tlie point at wliicli.tlie combxisliuu is 
taking pjace gradually creeps along the i»ube until it approacbea 
near to ibe brass tube. TJxe aspirator should then be stropped, 
and the glass tube removed and I’eplaced by a^second containing 
a similar charge of phosphorus, and the operation continued. 
At first the condenser should be allowed to remain cold, but 
when the operation has continued for about lialf an hour a 
stream of warm water, at about 60^ or 70'’O,, may he made 
to circulate; the condensed P^Oq is thereby vaporised and 
carried on into the U tube, where it orysiallisea as a white 
solid. Prom time to time the freezing mixture may be removed, 
and the accumulated solid substance gently melted domu into 
the litlle bottle by the applicatiou of warm to the 

outside of the tube. Pov the weight of pliosphoruai oespsumed 
the yield of is extremely small ; after a e^eiMence 
40 to 50 grams may be obtained in a day. 

568. One or two drops of the melted compounS^^Jiich 
liquefies below the temi^erature of the hand — poured upon a 
piece of filter paper and introduced into a c^dinder of chlorine, 
instantly inflames in the gas. 

669. If a small flask filled with oxygen be r'^i^BrsVcl in a 
beaker containing boiling water, and a few drops of .fte luelted 
compound upon filter paper ^be dropped into the^varxh'gas, the 
substance combines with the oxygen with vivid combustion. 

660 If druppeil ilpdn a Uot and, strong solnUolTSf caustic 
potash in a small disli it sfjontaneuusly ignites . i 

561. A small quantity of ilm oxide may be added" fir water 
iiT a test tube, wlien it is seen that it is almost iusoluhle in the 
cold, and only slowly dissolved upqu 'wanning. 
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SULPHUR 

563. To show the fomation of sulpbu’ by the mutual actioi] 
of sulphiu’ dioxide and sulphuretted hydrogen. 

5SO, + 5n,S=H3S,0g + 4H2O | 5S; 

or 

Two cylinders of equal bize, one containiii^f sulplnir dioxide 
and the other sulphuretted hydrogen , are brought mouth to 
inouthj and the covers removed. As the gases mix, a copious 
deposition of sulphur takes place upon the sides of the vessels. 
The cylinder of sulphuretted hydrogen should be collected over 
water, as the presence of the moisture promotes the reaction. 

563. The action of heat upon sulphur may be shown by 
carefully melting a toall quantity of pure sulphur in a Florence 
dask, Flowers of sulphur should not be used, but either good 
roll sulphur, or some that has been obtained by distillation. 
(See Experiment Sdd.) In order to make it easier to obtain the 
melted sulphur in the first or limpid condition, without over- 
heating any portion of it, it is well to previously melt it in the 
flask, and allow it to crystallise over the surface of the glass by 
revolving the vessel while it is cooling. In this way a thin 
layer of the element is obtained, which is very quickly and 
easily melted into a pale amber-coloured liquid, the limpidity 
of which may be shown by suddenly shaking the flask. On 
heating the flask further, the colour of the sulphur rapidly 
darkens, aud if the flask he revolved as it is being heated, the 
sulphur is very quickly obtained in the second or viscid con- 
dition, when' the flask may be inverted without the contents 
showing any tendency to run out. On still further heating the' 
flask, until the sulphur begins to boil, the limpidity of the dark 
liquid mass may he shown by shaking the flask, or by pouring 
some of the contents out. 



SULPliUK 


‘257 


664. To prepare the prismatic variety of sulphur. A quantity 
of sulphur (either ^ooil roll or distilled) is uieltcd hi a ]>oakerj 
the beaker being heated ])y meaiifl of a rase huriKT. By the 
exerci?^'^ ota litilo oaro, and by stirring tlio mass from tiiue io 
time with a glass rod, the sulphur may be melted without its 
becoming dark and viscous. When iho whole ia hi the liquid 
condition, tlie lamp may be removed and the mass allowed to 
crystallise. AYlieii it has partially solidhied, the still liquid 
portion is poured out into a plate, and on culling away I he crust 
upon the top the mass of prismatic crystals which line the 
interior of the beaker will he seen. The exact moment when 
the sulpliur may be ponred away is best judged by observing 
the foianation of crystals upon the surface of the liquid. If the 
beaker be left to cool standing iq^on the wire gauze which 
supported it while it 'was being melted, the crystallisation will 
begm at the bottom, and, spreading up the sides, will extend 
across the surface. Bcibre the surface has entirely congealed, 
the remaining liquid may be poured away. If this point be 
passed, and there is formed a complele cru^t upon the top, it 
must he broken through hy means of a gdass rt)d, in two places 
and the liquid then run out. 

565. To prepare the plastic modification of sulphur, A 
quantity of broken roll sul])hur is heated in a Florence flask 
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until it bolls, when it is ponred lu a tliin stream into cold water, 
where it congeals to the plastic condition. It is convenient to 
place, in the beaker of water into which the sulphur is poured, 
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a large inverted funnel ; by raising this at tbe end of the 
operation tlie mass of sulphur may be conveniently withdrawn 
from the water, and by pouring the stre^im of melted sulj^hur 
round and round the funnel the plastic thread may he more 
easily unwound. 


666. A more beautiful result is obtained by distilling sulphur 
in a retort, and allowing the condensed liquid to fall into water. 
For this purpose a large non-tubulated retort is three parts 
filled with flowers of sulphur. The retort is supported in a clamp 
in such a position that its neck forms a rather steep incline, 
and it is heated by means of a large Bunsen lamp. For the 
success of the experiment it is necessary that the sulphur be dis- 
tilled with such rapidity that tlie liquid falls from the end of the 
retort in a continuous stream, and not in drops; it is therefore 
well to cover the top of the retort with apiece of asbestos cloth 
(fig. 180). As soon as the sulphur has fairly begun to distil, a 
lighted taper is applied to the end of the retort, and the uncon- 
densed vapour inflamed. The liquid then falls into the water, and, 
owing to an nndulatoiy movement that it ascumes, the sulphur 
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or skin upon the surface of m 
liquid from passing in, but M 
of the w^ater until a quantity 
falls through the film os afl 
fresh quantity again collects v 


as it condenses coils itself up 
in the most regular and beauti- 
ful manner, forming spirals of 
plastic sulphur of a delicate 
translucent amber colour. 

If the precaution of igniting 
tlie’ issuing sulphur be omitted, 
the effect will be entmely spoilt, 
for the vapour wdiich issues 
‘ from the retoH along with the 
liquid will condense as a film 
i water, and prevent the stream of 

1 sulphur will run over the surface 
IS collected, which then suddenly 
?ge irregular blob, after which a 
Uhe surface, and so on. 
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The clisfcillation alionld be continuod iinHl the whole has 
passed over, for if a quantity of sulphur be left in the retort and 
allowed to solidify, it is extremely likely to fraeiAire the glass 
wiien it is again heated. 


667. The combustion of certain metals in sulphur vapour 
^ay he shown in the following way: — A quantity of flowers of 
sulphur is heated in a Ploreuce flask until it boils, and the 
vapour burns at thejpiouth of the flask; a spiral of copper 
Ivibbon, obtained b^^^^Wling copjier wire, is lowered l-hrongli the 
F Ilame into tlu3 vap/ur, when it burns wifh considerable energy. 
A bundle of steel wire, heated to bright redness in a blowpipe 
flame and introduced info the flask, burns in Ihe sulphur 
vai^oxir, the molten sulphide dropping into the sulphur. 

The combination of sulphur and iron may also be shown in 
a striking manner by prossijig a roll of sulphur against the end 
of a red-hot bar dif iron. A thick bar of iron is made as hot as 
possible in a furnace, the n«rer the heat approaches to white- 
ness the better ; it is withdlawn from the furnace, and a stick 
of sulphur pressed against ifl The longest roll of sulphur which 
can be obtained should be Iscd. The iron combines with the 
sulphur, and the molten sftphide falls to the ground in a 
brilliant shower. i . 


668. The spontaneous oxidation of moist Vulphur may be 
shown by stirring flowers of sulphur and wat4’ together for a 
few minutes, and throwing the mixture on to' a filter. The 
Ilear filtrate will redden litmus pa\)er, and give the test for 
iul[)huric acid x\^ith barium chloride. 

569. AViien sulpliiir and polassiuiu chlorate are r; 
kgethcr thoAnixture explodes with considerable violence? 
low thi^a minute quantity of potassium chlorate, not 
[in *1 is placed in a mortar, and about the same quantl 

ilphmlbded. The mixture is rubbed with the pestle, whel 
delation will result. 
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SULPHURETTED HYDROGEN. H,S 

570. PreparatioA ”by tie action of snlphiirio acid upon ferrous 
sulphide. PeS + HoSO^ = FeSO^ + HgS. A quantity of iDroken 
ferrous sulphide is placed in a t^vo-necked Wonlfs bottle fitted 
with a thistle funnel and delivery tube. Water is introduced 
to a depth of about two or three centimetres, and on adding a 
few drops of strong sulphuric acid a rapM evolution of the gas 
takes place. The gas znay be washed ny passing through a 
second smaller Woulf’s bottle half filled with water, and finally 
collected at the pneumatic trough over water as warm as can 
be comfortably manipulated. The pneumatic trough should he 
either glass or earthenware. 

571. Preparation hy the action of hydrochloric acid upon 
antimonious sulphide. SbgSg + 6HC1 == 2Sb2CJ3 + SSHg. Black 
antinionions sulphide is heated vvitli strong hydrochloric acid in 
a flask fitted with a delivery tube, and the gas collected as above. 

672. The synthetical formation of sulphuretted hydrogen 
may readily be demonstrated by passing slow stream of 
hydrogen over a quantity of heated sulphur. For this purpose 
a few fragments of sulphur are placed in a combustion bulb and 
hydrogen slowly passed through the bulb tube. On heating 
the snlpliur nntil it begins to vaporise, appreciable quantities 
of sulphuretted hydrogen will be evolved, and if the issuing gas^ 
be caused to impinge upon paper which has been impregnated 
with a lead salt, the presence of the sulphuretted hydrogen Will 

■ anifest by the rapid blackening of the test paper. 

|ie same result will be obtained by substituting iron pyrites 
ie sulphur, illustrating the mode of formation of sulphuretted 
hydrogen in coal-gas. 

673. The combustion of sulphuretted hydrbgen may be 
shown by igniting a jet of the gas as it issues from the gene- 
rating vessel. If a glass rod moistened with ammonia be held 
above the flame, the formation of white fumes will demonstrate 
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the presence of sulphurous acid in the products of coinhnstioii. 
By holding a clean dry glass cylinder over tlie flame the water 
from the combustion will be do[)usited \i\x>n the glass. This 
may bo shown to be acid by means of litmus ; it may also be 
shown to contain sulphuric acid by rinsing tlie cylinder witli a 
small quantity of distilled water and applying the barium 
chloride test. 

574. If a cylinder of sulphuretted hydrogen be inflamed at 
the mouth, it will be seen, as the combustion proceeds down the 
cylinder, that a quantity of sulphur is deposited upon the interior 
of the vessel. This deposition of sulphur, by the iucompletp 
combustion of sulphuretted hydrogen, may aho bo seen by 
depressing a piece of cold glass upon the flame of tho burning 
gas as it issues from ii jet. 

575, The incomplete combustion of sul])huretted hydrogeJi 
may also be secured by causing a jet of air to burn in nti 
atmosphere of sulphuretted hydro- 
gen. For this purpose a piece of 
apparatus similar to that already 
described for the combustion of air 
in coal-gas may be used. In tliis 
case, however, the air must be de- 
livered from a gas-holder, as sul- 
phuretted hydrogen, not being lighter 
than air, will not ascend in the ap- 
paratus and draw air after it. A 
stream of sulphuretted hydrogen is 
delivered into the lamp glass by the 
small tube (a, lig. 181), and inflamed 
as it issues from the top ; the tube T, 
through which air is delivered, is passed up through the short 
wide tube, the former being of such a size that it will easily 
slide up and down in the wide tube. This air tube is raised 
until it just reaches into the flame of burning gas at the 
when the air is slowly turned on ; the jet of air will ignite 
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inside the flame of sulpliuretted hydrogen, and the tube may 
then be drawn down into the chimney, Avhere it will continue 
to burn. Its cornlmstioii is attended with the separation of 
considei’able quantities of sulphur, which deposits upon the' 
interior of 1lie glass chimney. 

576. A mixture uf two volumes of suljjlmrelied Jij'drogen 
and three volumes of oxygen may 1)e exploded in a soda-water 
bottle on the application of a lighted taper. 

577. The explosion of a mixture of sulphuretted hydrogen 
and oxygen may be brought about by means of oxide of iron. 
The mixture, in the proportion as above, is contained in a short 
stout glass cylinder, and a qua?itity of ferric oxide introduced 
by dipp)ing into the cylinder a piece of tow attached to the end 
of a wire, and which has been sprinkled with the oxide. The 
rapid absorption of the sulphuretted hydrogen by the oxide will 
in a few seconds develop sufficient heat to ignite the remaining 
mixture of gases. All specimens of oxide of iron are not equally 
effectual in causing the result; a number of ^samples must be 
tried, and that one selected and set aside which gives the best 
result. 

578. If a mixture of sulphuretted hydrogen and air be 
passed over ferric oxide, the oxide becomes incandescent, owing 
to the rapid sulphurisation and rcoxidation of the compound. 
This may be shown by allowing a stream of sulphuretted 
hydrogen, issuing from a flne jet, to impinge upon a little 
heap of ferric oxide placed upon a piece of wood, the jet being 
held at tl short distance from the oxide, so that a certain amount 
of air is drawn along with it. Under these circumstances the 
oxide will be seen to glow. 

The experiment is still more strikingly shown by placing the 
ferric oxide in a moderately wide piece of glass ,tube, into one 
" end of .which the chimney of a Bunsen lamp is fixed by means 
of a piece of caoutchouc tube, as shown in fig. 181 a. 
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A stream of snlplurretted hydrogen is iidiuittcd into the 
lump, and thereby becomes mixed with air, after the usual 

Fig. 18 U. 



manner of the Bunsen. As the mixture of sulphuretted 
hydrogen and air passes over the ferric oxide, the latter almost 
immediately becomes incandescent. By conducting the experi- 
ment in this way the gases which issue from the tube can either 
be burnt, or conveyed away to a draught.^ 

As the amount of light emitted by the glowing ferric oxide 
is rather feeble, it is advisable to darken the room during the 
experiment. Under these conditious the incandescence of the 
material will be manifest at a distance. 

679, The action of chlorine upon sulphuretted hydrogen 
may be shown by inverting a cylinder of the latter gas upon a 
similar one containing chlorine, and withdrawing the plates. 
As the gases commingle the sulphuretted hydrogen is decom- 
posed, sulphur being deposited upon the glass, and hydrochloric 
acid being formed. The sulphuretted hydrogen should be 
collected over water, in order that the gas in the cylinder may 
be moist. 

580, If a jet from which sulphuretted hydrogen is issuing 
be lowered into a jar of ‘ euchlorine’ (the gas obtained by the 
action of hydrochloric acid upon potassium chlorate), the sul- 
phuretted hydrogen will spontaneously inflame. Euchlorine, 
being a mixture of chlorine with chlorine oxide, is liable to vary 
in composition, so that sometimes the sulphuretted hydrogen ir 
not BO readily inflammable as at others. If the gas, however, 
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be first inflamed at the jet, so as to make the end of the glass 
warm, and then blown out aiid introduced into the onchlorine, 
it will spontaneously ignite without fail. 

• 

581. The oxidation of sulphuretted hydrogen by means of 
charcoal. (See Oar bon, Experiments 30 1 and 395.) 

682. The action of sulphuretted hydrogen upon solutions of 
metallic salts may be shown by allowing a stream of gas to pass 
through a series of cylinders containing suitable salts in solution. 
Pour or five illustrations may be given, and should be selected 
so as to yield a variety of coloured precipitates. The following 
is a typical series. Copper sulpliatc ; cadmium chloride 3 anti- 
mouious chloride ; lead nitrate ; zinc suliDliate. The solutions 
should be very dilute, so that it may not take too long to 
comiDlete the precipitations. The antimonious oxychloride, 
which is precipitated on diluting the chloride, may be dissolved 
by throwing in a crysl.al or two of tartaric acid, and the zinc 
sulphate must be made alkaline with ammonia. The sulphuretted 
hydrogen is generated in a Wonlf’s bottle, the thistle funnel 
in which is sufficiently long to 
enable sufidcient pressure to be 
maintained in the bottle to over- 
come the resistance of the entire 
series through which the gas has 
to be passed. 

It is convenient to insert a 
T piece between the genei’ating 
bottle and the series of cylin- 
ders, which may be arranged to 
dip into a test glass containing 
sodium 'hydrate, having a quan- 
tity of mercury in the bottom ; by raising the test glass so as 
to cause the tube to dip into the mercury, the gas can be made 
to pass into the metallic solutions at will. 


Fia, iS2. 
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HYDROGEN PERSULPHIDE. 

583. Preparation by the action of hydrochloric acid upon 
calcium persulphide. CaS,^ + 2H01 = OaO^ + 3S + HgSg. A large 
beaker is thi'ee-parfcs filled with hydrochloric acid diluted with 
twice its volume of water, and a slow stream of calcium persul- 
phide is poured into it, with constant stirring, care being taken 
to keep the acid in excess, Hydrogen persulphide separates out 
in the form of minute oily drops, which gradually fall and collect 
at the bottom as a yellow oily liquid, A quantity of sulphur is 
at the same time precipitated. 

584. The action of certain peroxides upon hydrogen ^ per- 
sulphide may be shown by adding a small quantity of mauganeso 
dioxide to some of the persulphide in a test tube. It is an 
advantage to dissolve the thick oily liquid in about its own 
volume of carbon disulphide, as such a solution allows the 
manganese dioxide more easily to mix Avith it, and also may be 
longer preserved than tlie undiluted compound. 

585. If a few'' drops of the solution be added to Avat^er Avhicb 
has been tinted with litmus, and the mixture shaken together, 
the colom^ will be di^‘harged. 


SULPHUR DIOXIDE. SO^ 

586. Preparation by the combustion of sulphur in oxygen. 
A quantity of sulphur is heated in a combustion bulb, and a 
stream of oxygen passed over it. The products ot the com- 
bustion should be passed thi’ough a tube packed with glass 
wool, and the dioxide may then be collected by displacement. 

687. Preparation by the action of Bulphurio acid upon copper. 
Cii -1- 2 H^S 04 = OuSO^ + 2 H 2 O + SO 2 , A quantity of thin copper 
clippings are placed in a capacious flask and covered Avith 
strong sulphuric acid, and the mixture carefully heated. The 
flask is fitted with a mercury safety-funnel^ and the gas, after 
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being dried by its passage tbrongb a Woulf’s bottle containing 
sulxohuric acid, is collected over mercury. (See fig. 183.) 


Eio. laB. 



588. Preparation by beating a mixture of manganese dioxide 
and sulpbui'. 2Mti02 + 38 = 2MuOS + SO^. A mixture, in tbe 
proportions of about 3 parts of sulphur to 4 of the dioxide, 
is heated in a short piece of combustion tube, closed at one end, 
and provided with a cork and deliver}^ tube. 

* 

689. To prepare li(iuid sulphur dioxide. This is moat con- 
veniently done by passing the gas obtained by the action of 
sulphuric acid upon copper in Experiment 687 through a 
condensing tube immersed in a freezing mixture of chloride 
of calcium and ice. The apparatus may be arranged as shown 
in fig. 183. By closing the stopcock c the gas is compelled to 
pass to the mercury trough, and may be there collected ; but 
when 0 is open, and the delivery tube D is kept beneath the 
mercury, the gas will escape through the bottle b, being the 
way of least resistance, and will be condensed in the tube t 
in the freezing mixture. Both the Woulf^s bottles contain 
sulphuric acid in order to dry the gas. 

690, For the liquefaction of sulphur dioxide by pressure 
alone, and also by pressure and cold, in the Faraday tube, see 
Liquefaction of Gases, Experiments 646-648. 
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691. The solubility of sulpliiu’ dioxide iimy be shown by 
opening a cylinder of tlie gaa^ collected over uiercury, beneath 
the surface of water; as soon as the plate i:s wididrawn tlio 
water rapidly fills t}\e cylinder. Although the absorption is not 
so violent as in the case of such very soluble gases as annnonia, 
it is nevertheless advisable to employ ca thick glass plate as a 
cover to the cylinder. In no case should a stoppered vessel 
be used. 

593, The solid hydrate of sulphurous acid (H.^SOj, SH^O) 
may be obtained by pn.saing a stream of sulphur dioxide into 
water cooled to 0°O., or, better, to a few degrees below; as the 
water becomes saturated the ciyt-tullino (^omponiid separate's out, 
and the mass becomes semi-solid. 

693, To show the bleaching action of sulphur dioxide. For 

this purpose an infusion of red rose-leaves is made by pouring 
boiling water upon a quantity of the dried leaves (to be obtained 
from any druggist), and acidif}dng the infusion by the addition 
of a few drops of sulphuric acid. Upon allowing the gas to 
bubble through the solution, or, more quickly, by adding some 
freshly prepared and strong solulion of the gas in watm’, the red 
colour of the infusion will be discharged, or changed into a pale 
straw colour. The original colour may he restored hy the 
addition of a further tiuautily of strong sulphuric acid. 

604, The cotnx:)osition of sulphur dioxide may be demon- 
strated by burning a fragment of sulphur in a measured volume 
of oxygen. 

The apparatus described under Uarhon Dioxide (Experiment 
434) may be employed for this purpose ; in this case the small 
fragment of sulphur may be fused on to the platinum wire. 

595, The decomposition of sulphur dioxide by the action of 
light may be shown by filling a long cylinder with the gas, 
collected by displacement, and covering the mouth with a plate 
glass by means of resin cerate. A parallel beam of electric light * 
is passed through the cylinder, and almost immediately the path 
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of the beam will become more and more visible, owing to the 
formation of a gradually thickening cloud or fog within the 
cylinder, consistihg of sulphur and sulphur trioxide. The cylinder 
should be sufiSciently wide to clear the beam — that is to ^ay, the 

Fig. ISL 



light should not strike upon the edge of tlie cylinder — or the 
resin cerate will be sofiened by the heat, and the plate be liable 
to slip from its place. When the cylinder is removed from the 
light the contents gradually become once more clear and 
transparent. 

596. To show the action of sulphur dioxide upon peroxide of 
lead. A quantity of the peroxide is placed in a piece of combus- 
tion tube and slightly warmed by brushing a Bunsen flame along 
the tube. On passing a stream of sulphni’ dioxide over the mass, 
the substances combine with so much energy that the peroxide 
becomes red hot. 

59V. To show the action of sulphur dioxide upon sodium per- 
oxide, A small quantity of sodium peroxide is dropped into a 
cylinder of sulphur dioxide. Each particle of the peroxide as it 
falls into the gas unites with it, the union being attended by 
brilliant combustion. 

598, The combustion of iron in sulphur dioxide may be 
demonstrated by passing the gas through a piece of combustion 
tube in which is placed a quantity of reduced iiun. Upon 
“ gently heating the metal it will be seen to burn in the stream 
of sulphur dioxide. 
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599, The low temperature produced by the spontaneous 
evaporation of liquid sulphur dioxide may be demonstrated by 
pouring a few cubic centimetres of the liquelfed gas iiiio a small 
beaker standing upon a block of wood, upon whicli a few drops 
of water have been placed ; almost immediately the beaker will 
be frozen to the block. 

600, If a quantity of liquid sulphur dioxide be thrown upon 
a few cubic centimetres of water in a dish, the waiter will be at 
once frozen to a solid mass, consisting of ice mixed with the 
solid hydrate of sulphurous acid. 

601, This experiment may be so modified as to illustrate the 
phenomenon of freezing water in a rcd-liot vessel. 

A plalinum dish is strongly heated by means of a powerful 
Bunsen flame, and into the red-hot vessel 15 cubic centimetres of 
liquid sulphur dioxide are thrown. Tlie liquid instantly assumes 
the spheroidal state, and while in this condition its temperature 
is practically that of boiling sulphur dioxide, viz. — 7°C. Directly 
this liquid has been thrown into the hot dish, 15 culnc centi- 
metres of water, contained in a test tube, are thrown upon it; 
the mass at once solidifies, and should be instantly thrown out 
of the dish on to a plate. The three operations — viz, throwing 
in the liquid dioxide, adding the water, and tipping out the 
contents of the dish — 'Tuust be performed in rapid succession. 


SULPHUR TRIOXIDE. SO3 

608. Pormatiou by the direct union of sulphur dioxide and 
oxygen, For this purpose a stream of the two gases is passed 
over platinised asbestos contained iu a combustion bulb.'^ The 
two gases are delivered into the same Woulf's bottle, where, 
by causing them to bubble through sulphuric acid, the rate 
at whicli they are passing can be seen. The sulphur dioxide 
may be obtained by generating it from copper and sulphuric ^ 
acid, or, more conveniently, from a supply of the liquefied 
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gas, which may be procured as an article of commerce in glass 
soda-water ‘ syphons,' 

So long as tide platinised asbestos is cold no combination of 

the two gases take^j place, 
but on gently heating the 
bulb ^sdhte fumes of the tri- 
oxide will be seen to issue 
fi'om the end of the tube. 
If desired the t.rioxide may 
be condensed; in which 
case the operation should 
he performed on a larger 
scale, and the product passed through a U tube immersed in 
a freezing mixture. 

603. The preparation of the trioxide by the distillation of 

Ifordhansen acid. A quantity of the 

Nord hausen acid is gently heated in a retort, and the distillate 
collected .in a receiver, which is cooled by being placed in a 
breezing mixture. If it be desirad^o preserve the compound as 
a specimen for exhibition, a small quantity of the distillate may 
be received in a round flask, with its neck previously drawn 
out ; the neck is then sealed before the blowpipe, and the 
contents of the flask may be very slowly sublimed. 

604. To show the action of water upon sulphur trioxide. 

A small quantity of the solid is dropped into w^ater, wdien com- 
])i nation takes place with a violent hissing Bound, 

606. To show the action of sulphur upon sulphur trioxide. 
A small quantity of ilo\vers of fmljflmr is added to the trioxido 
contained in a small flask; a deep-blue compound is at once 
formed (supposed to be the sesquioxide, S^Og), which, as the 
temperature vises, vapidly decomposes with the evolution of 
sulpimr dioxide. 


Ejg 185, 
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SULPHURIC ACID, H^SO, 

'* 'formation by tbe direct union of sulphur dioxide and by- 
dr** . ’oxide, A few cubic centimetres of hydrogen peroxide 
1 into a c^dinder of sulphur dioxide. The gus is 
sorljcd, the liquid bocouiiiig warm l)y the combiimtiou 
substances, and sulphuric acid is produced. 

lie manufacture of sulphuric acid, and tlie formation 
e crystalline compound, maybe illustrated on a small 
mans of the apparatus shown in iig. Jyd. , A large 
or bolthead f, of about six or eight litres capacity, is 
a cork carrying five tubes, four of which reach to 


Fig. iso. 



about the middle of the Hask. the other, which passes just 
through the cork, serving as an exit tal>e. Three of tlu' tubes 
are connected to Woulf s liottles containing sulphuric acid, 
through which the gases, oxygen, nitric^ oxide, and sulphur 
dioxide, are separately passed, dhe nitric 'rjxide slumlcl he 
previously prepared, and stored in a gas-holder. The sulphur 
dioxide may be conveniently obtained from a siphon of the 
liquefied gas, and the oxygen from a cylinder of compressed 
gas. The fourth tube is connected with a small flask con- 
taining water, wliich can be heated, and through which oxygen •> 
gas can be mode to bubble, so that in this way either dry 
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oxygen or oxygen charged with aqueous vapour can be passed 
into the vessel at will. In the first place a rapid stream of 
oxygen is delivered into the flask through the Woulf’s bottle n, 
in order to replace the air within the vessel by oxygen. , Nitric 
oxide is then gradually allowed to enter, which at once gene- 
rates the brown oxides of niti^ogen. When the nitric oxide is 
entering, a stream of sulphur dioxide is bubbled through the 
bottle s, at about the same rate as the nitric oxide is passing, 
and when this has continued for a little time, a small quantity 
of oxygen is introduced through the hot water to moisten the 
"9fn a few moments crystals begin to form all over the 
interior of the flask, and by regulating the supply of the 
different gases the deposit of tlie crystalline compound can 
readily be made to cover the surface of the entire vessel. When 
sufficient of the compound has been produced, the gaseous 
contents of the flask should be swept out, by a rapid stream of 
oxygen being admitted through D, until the atmosphere within 
the flask is quite colourless ; and then the decomposition of the 
crystals by means of water and the re-generation of nitroxygen 
fumes may be shown, either by passing steain into the vessel 
from the flask E, or by removing the cork and pouring in a 
small quantity of water. In either case a rapid solution of the 
compound takes place, with the evolution of large quantities of 
nitroxygen fumes. 

608. To show the contraction in volume upon mixing sulphuric 
acid and water. A long piece of combustion tube is closed at 
one end, and roughly graduated into three equal divisions by 
india-rubber rings. .Strong sulphuric acid is introduced up to 
the second ring, and water is added up to the third, which 
shonldbe about 10 centimetres from the top of the tube. The 
tube is then corked and the contents mixed by inverting the 
tube a few times, when, notwithstanding the great rise of 
temperature, the volume will be seen to have undergone a very 
appreciable contraction. 

609, The heat developed on adding water to sulphuric acid 
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may be shown in the above expei'iment by moistening the out- 
side of the tube with cold water, which will be vaporised by 
the heated mixture with so much rapidity that it will be seen to 
steam. ^ 

If the acid and water be mixed in a beaker, and a small 
flask containing a little ether, and fitted with a cork and straight 
exit tube, be dipped into the hot mixture, the ether mil be 
caused to boil rapidly, so that the issuing vapour can be 
inflamed, 

610 . The powerful affinity of sulphuric acid for v^ 6 r., 3 ^y 
be demonstrated by its action upon such organic compounds as 
formates, oxalic acid (see Carbon Monoxide), or upon sugar. 

120 grams of lump sugar are placed in a large beaker, and 
90 cubic centimetres of warm water poured upon it, and the 
mixture covered and allowed to stand. Tn a short time the 
sugar will have entirely dissolved. The beaker is stood on a 
plate, and 120 cubic centimetres of strong sulphuric acid are 
quickly poured into the syrup, when the liquid blackens and 
instantly froths u]3 over the top of the beaker as a spongy mass 
of charcoal, clouds of steam at the same time being evolved. 

611 . The power of sulphuric acid to char organic matter 
may be strikingly shown by brushing a little dilute acid upon 
paper (a word may be written, either with a camers-hair brush 
or by using the finger), and then gently warming the paper by 
bolding it some distance above a rose burner or in front of a 
fire. As the dilute acid becomes concentrated by evaporation, 
the paper is blackened where it was previously wetted. 

This method may be made use of for showing the presence 
of sulphuric acid in the products of combustion of ordinary coal 
gas. A large flask nearly full of cold water is held by its* neck 
in a clamp upon a retort-stand, and heated below by means of 
a rose burner. The flask must not be stood upon a ring or 
piece of gauze. Water at once begins to collect upon the out- 
side of the flask, and this water gradually becomes acid owing * 
to the combustion of sulphur compounds in the gas, As the 

T 
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flask and tke water inside it get warm the condensed water 
ontside begins to evaporate, and the traces of sulphuric acid it 
contains "become more and more concentrated. After the gas 
hag been burning for about ten minutes (the time depending 
upon the quantity of sulphur impurities the gas contains), the 
flask is j)]aced upon a piece of white paper so as to make a wet 
ring upon the paper with the slightly acid water upon the out- 
side of the flask. The paper is then gently warmed over a small 
rose hnrner, when the paper will become charred where it was 
wetted. 


CARBON DISULPHIDE. CS^ 

612, Preparation by the direct union of sulphur and carbon. 

The process by which carbon disulphide is manufactured may be 
illustrated upon a small scale by heating a porcelain tube, filled 
with fragments of charcoal, in a furnace placed in an inclined 
position. The upper end of the tube is closed with a cork, 
while the lower end carries a glass tube which is made to 
dip beneath the surface of water in a beaker. The tube is 
heated to redness throughout as long a length of it as con- 
venient, the temperature being carefully regulated, as it will be 
found that the yield of the product rapidly diminishes as the 
temperature approaches to that of bright redness. The cork 
in the top of the tube is from time to time removed, and a 
fragment of sulphur inti’oduced. The sulphur melts and luins 
down the tube, and the vapour coming in contact with the hot 
charcoal combines with it, and the disulphide, contaminated with 
more or less free sulphur, will collect at the bottom of the 
water in the beaker, 

613, The combustion of carbon disulphide in air and in 
oxygen may be shown by inflamitig a small quantity of the 
liquid contained in a porcelain dish, and causing a stream of 
oxygen to impinge upon the surface of the burning liquid. 

614, A more striking method consists in boiling the liquid 
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Fig. 187. 



in a flask fitted with a cork, through which passes a narrow 
brass tube. This brass tube has brazed upon it a wider tube, 
wdth a small branch tube attached, as shown • 
inthe-^gure. On applying a gentle heat 
to the 'flask a stream of vapour issues 
from the brass tube, and may be inflamed. 

By brushing a Bunsen flame once or twice 
over the metal any condensation of the 
disulphide in the tube will be prevented, 
and the flame will be perfectly steady. 

On supplying the flame with oxygen, 
by sending a stream of that gas through 
the outer tube, a dazzling flame is pro- 
duced. 

615. To explode a mixture of oxygen 
and carbon disulphide, A stout glass tube 
sealed at one end, about 20 centimetres long and 18 or 20 
millimetres bore, is filled with oxygen, and two or three drops 
of carbon disulphide introduced; a cork is inserted, and a 
moment or two allowed for 

the vapour to mix with the 
gas. On applying a light to 

the mouth of the tube the ^ y - 

mixtime explodes with some 
violence. 

616. To show the combus- 
tion of potassium iu carbon 
disulphide vapour. Carbon 
disulphide contained in a small 
fiask is gently warmed, and 
the vapour passed through a 
combustion bulb in which is 
placed a fragment of potassium. On heating the metal it 
readily takes fli'e, and burns with considerable energy in the* 
vapour. 
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617, If a bundle of steel wires be introduced into the flame 
of carbon disulpMde bmiaing from a jet, tlie ii'on burns with 
brilliant scintillations. For this purpose carbon disulphide is 
heated in a flask carrying a tube bent at right angles and drawn 
to a point ; the issuing vapour is, inflamed, and the bundle of 
wires held in the flame near to the tip. 


Eio. 189. 



This experiment ia rendered more certain if the flame of 
disulphide be fed with a little oxygen, which may be best accom- 
plished by using the apparatus described in Experiment 614.- 
The flask should be supported in an inclined position, so that 
the falling molten sulphide of iron may not drop upon the glass. 

618. To show the action of calcium hydrate upon carbon 
disulphide. OS^ -f 20a0 + 00^ + 2811^, Ooal-gas is 

made to pass through a shoH glass tube which contains a small 
quantity of cotton-wool moistened with carbon disulphide. The 
gas BO charged with the vapour of the disulphide is passed over 
a quantity of slaked lime contained in a combustion bulb ; so 
long as the bulb is cold no action takes jilace, but on gently 
warning the lime there is a copious evolution of sulphuretted 
hydingen, which may be proved by applying a moistened paper 
impregnated witli acetate of lead, wliich will be instantly 
blackened. 

Sometimes the coal-gas itself will be found to contain suffi- 
cient carbon disulphide to show this reaction ; but the im- 
purity is usually so carefully removed from the gas that if this 
experiment be made with a view to showing the method for 
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removing the compoimd from coal-gas, an additional quantity 
must be thrown into it as described. 

619, The decomposition of carbon disulphide by the detona- 
tion of mercuric fulminate. When a small quantit}'" of fulmi- 
nate of mercury is caused to detonate in the vapour of carbon 
disulphide, the disulphide is decomposed, and an instantaneous 
deposition of carbon and sulphide of mercury takes place. 

The experiment is most conveniently performed in the follow- 
ing way : — A stout glass tube, 60 centimetres long and 2 centi- 
metres bore, is fitted at one end with a cork through which pass * 
two wires ; one of these ends in a small capsule or deflagrating 
spoon, while the other is bent so that the end points into the 
capsule in such a way that an electric spark made to pass between 
them will discharge into the capsule (see fig. 190). 
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A small quairtity of fulminate of mercury (not more than 
‘05 gram) is placed in tJie capsule, and the cork introduced 
into the lower end of the tube, which is held in a slightly in- 
clined position, as shown in the figure. A long spill of blotting- 
paper, reaching nearly the ' whole length of the tube, is intro- 
duced at the open end, and by means of a fine-di'awn-out pipette 
a quantity of the disulphide is allowed to trickle down the paper 
until it is nearly saturated with the liquid. Oare must be taken 
to avoid letting the liquid run down to the cork, or come into 
contact with the fuliiimate. In a few moments the tube will be 
filled with the heavy vapour of carbon disulphide; the paper i^ 
then withdrawn, and the fulminate fired by an electric spark. 
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A sharp crack follows the passage of the spark, and the tube 
is instantly coated throughout its entii’e length with a black 
deposit consisting of carbon and sulphide of mercury. . 

It is supposed by some that this decomposition of the^ disul- 
phide of carbon is caused by tlie actunl shock produced by the 
detonation of the fulminate ; that, in other words, the particular 
vibration set up by the explosion is the cause of the rupture of 
the molecules of the disulphide. It is quite conceivable, how- 
ever, that the chemical affinity between the mercury, which is 
evolved from the exploding fulminate in a state of vapour at a 
high temperature, and the sulphur in the disulphide is in a 
measure concerned in effecting the decomposition, if, indeed, it 
is not the chief cause; it is significant that other explosives 
which do not contain a metal with which the sulphur could 
combine appear quite incapable of bringing about the same 
result. 

Mercuric fulminate is most readily made in the following 
way: — 10 grams of mercury are dissolved in 80 cubic centi- 
metres of strong nitric acid (sp. gr. 1*42) with gentle warming. 
When the whole is dissolved 80 cubic centynetres of water 
are added and the solution cooled; 100 cubic centimetres of 
methylated spirit are added to the solution, and the mixture 
gently warmed in a flask of about 1 litre capacity. A brisk 
action soon sets up, which, however, with these proportions, 
never becomes micontrollable, and the fulminate of mercury 
separates out as a greyish-white crystalline substance. The 
liquid is decanted off and the crystals washed and drained. 
The dry fulminate should be kept in bottles containing only a 
small quantity in each, and the bottles should be closed with 
corks and not with glass stoppers. 
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ARSENIC 

620. The element may be prepared on a small scale by 
reducing arsenious oxide. A mixturo of arseiilous oxidOj sodium 
carbonate, and powdered charcoal is introduced into a piece of 
combustion tube closed at ono end, and heated by means of a 
Huiisen flame ; the arsenic sublimes, and condenses as a black 
lustrous deposit upon the tube. Care should be taken to 
thoroughly dry the charcoal and the sodium carbonate before 
using them for this experiment, as the moisture they contain, 
condensing upon the tube, is liable to run back and cause its 
fracture, and also to prevent the formation of a good mirror. 

621. The volatilisation of arsenic in a current of hydrogen 
may bo shown by gently heating a fragment of the element in 
a piece of rather wide combustion tube, through which a slow 
stream of hydrogen is passed ; the issuing gas should be allowed 
to escape into a suitable draught flue. As the piece of arsenic 
is heated it will be seen to vaporise without melting, and to 
sublime along the tube as a lustrous mirror. That portion of 
the deposit which is nearest to the flame will be seen to be 
distinctly crystalline, and to have a steel-grey colour, while that 
which is more remote from the heated part is amorphous in 
character, almost black in colour, and of a vitreous lustre. 

622. To show the combustion of arsenic in oxygen. From 


Em. J9I. 



8 to 4 grams of arsenic are placed in a piece of combustion tube* 
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aboat 80 centimetres long, at a short distance from the end, 
and a gentle stream of oxygen passed over it ; on heating the 
arsenic at a point nearest to the incoming oxygen the element 
ignites, and burns with a brilliant bluish-white light. The pro- 
duct of the combustion may be passed through an empty 
cylinder, where a large quantity of the arsenious oxide condenses, 
and then delivered into a draught flue. 

623. The combustion of arsenic in chlorine. This may be 
shown in the same manner as described for the combustion of 
antimony in chlorine, Experiment Kil. 

•/ 634. The combustion of arsenic in bromine. See Antimony 
in Bromine, Experiment 217. 


/ ARSENIURETTED HYDROGEN. AsHg 

635. Preparation by the action of nascent hydrogen upon 
arsenious oxide. Hydrogen is generated in a small Woulfs 
bottle from granulated zinc and dilute sulphuric acid. The 
exit tube should be about 7 millimetres in the bore, and the end 
within the bottle should be cut diagonally, in order to prevent 
any liquid collecting at the end, and so preventing the flame 
from bui'ning steadily. Attached to the exit tube is a piece of 

hard glass drawn out in the 
manner shown in the figure. 
When the air is expelled, 
the hydrogen is ignited at 
the end of the tube, and a 
few drops of a solution of 
arsenious oxide in hydro- 
chloric acid are introduced 
by means of the thistle funnel. As soon as the acid solution 
of arsenic enters the vessel the rapidity of the evolution of 
hydrogen is gi'eatly increased, so that care must be taken that 
the gag is only being quite slowly evolved at first, or the reaction 
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may become rather tiimiiltuoiiSj and the liquid in the bottle 
froth, over. As soon as the arseiiiuretted hydrogen finds its 
way into the flame^ the latter at once aspniiies a character- 
istic pale lilac colour. The apparatus sliould be so arranged 
that the products of combustion can be led into a draught 
flue. 

626. If a cold porcelain dish be depressed upon the flame a 
deposition of arsenic at once takes place, as a brownish-black 
shiniug spot. 

627. To show the action of heat upon arseniuretted hydrogen. 

The hard glass tube is strongly heated at a point where it is 
constricted. The arseniuretted hydrogen is decomposed into its 
elements, the arsenic being deposited as a mirror upon the sides 
of the tube. If the current of gas be not too rapid the whole of 
the arsenic will be so deposited, and the flame will no longer 
produce a stain upon porcelain. 

It will be seen that the arsenic deposit in the tube is 
entirely formed upon one side of the flame — namely, on that 
side farthest from the generating apparatus. 


ANTIMONY ' 

628, The amorphous vrypety of antimony is prepared by the 
electrolysis of a solution of tartar emetic in antimonious chloride. 

250 grama of tartar emetic are dissolved in one kilo of 
crude antimonious chloride, and the solution placed in a beaker, 
which it about two-thirds fills. 

The positive electrode should be as large a lump of metallic 
antimony as will conveniently hang in the beaker and still 
leave room for the negative pole — a piece of the metal weighingb 
about two kilos will be convenient ; a copper wire is soldered 
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to one end of tlie Inmp, whicli must be suspended in the liquid 
to such a depth that the solder is not immersed. Bj tisiiig 
so large a positive electrode the solution does not become 
weakened, and the deposition of the antimony is %erefore 
much more rapid. The negative electrode upon which the 
antimony is to be deposited may be a stout and clean piece of 
copper wive. 

The current for the electrolysis is host derived from two 
Smee’s elements, which should be suspended in large beakers 
holding about one or one and a half litres of dilute acid, so that 
the experiment may be allowed to go on uninterruptedly foi’ 
several days. So arranged, in four days tho rod of amorphous 
antimony will be about the thickness of a finger ; it may then 
be removed from the beaker, rinsed in distilled water, and eithei' 
hung up to dry, or carefully laid upon blotting-paper. 

When struck or scratched, the amorphous antimony under- 
goes a molecular change, which spreads quickly throughout the 
entire length of the rod. This change is attended by a consider- 
able evolution of heat, the temperature rising to 250‘^O., and 
dense fumes of antimonioua chloride are evolved. 

If a piece of gun-cotton be tied round one end of the bar, 
before it is struck at the other end with the edge of a spatula, 
the gun-cotton will be iirflamed by the heat generated by the 
change. 

629* To show the combustion of antimony in oxygen. A 
fragment of antimony is placed upon a piece of charcoal, Laving a 
shallow hollow scooped out of it, and a spirit-lamp flame directed 
upon it by means of a jet of oxygen. The metal almost imme- 
diately melts and begins to burn ; the lamp is then removed, 
and the metal will continue to burn brilliantly in the stream 
of oxygen gas. 

If while in a state of combustion the globule be thrown upon 
a large sheet of cartridge paper, the edges of which have been 
folded up in the form of a shallow tray, the globule breaks up 
into a number of smaller ones, which run about over the paper, 
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leaving fanciful streaks, some dotted, some curiously curved, as 
seen in 'fig, 19S. 


Em. 193, 



630. The combustion of antimony in chlorine, (See Chlor- 
ine. Experiment 161.) 

ANTIMONIURETTED hydrogen. SbH3 

631. Preparation by the action of nascent hydrogen upon 
antimonious chloride. This is done in an apparatus similar to 
that described for the preparation of arseniuretted hydrogen, 
using a solution of anti ra onions chloride. The gas burns with 
a flame resembling in colour that of the corresponding arsenic 
compound, and when a cold porcelain plate is de2oressed upon it 
a similar stain is produced. The antimony stain, however, is 
blacker than that produced by arseniuretted hydrogen. 

632. The decomposition of antimoiiinretted hydrogen by 
heat may be shown in a precisely similar way to that described^ 
for arsenic. In this case it will be noticed that the mirror is 
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formed in the tube much nearer to the flame than was the 
arsenic deposit, and also that it is deposited upon both sides of 
the heated spot. 

633. To show the action of antimoniuretted hydi'ogfin upon 
sxilphur, in the light. A short glass tube is filled with fragments 
of sulphur, about the size of grains of wheat, and suppoihed in 
a beam of light from the electric lamp. On allowing auti- 
moniuretted hydrogen to pass through the tube the sulphur 
gradually becomes red, owing to the formation of antimony 
sulphide. 

634. To distinguish between the deposits of arsenic and 
antimony they may be treated with a clear solution of bleaching 
powder; the arsenic stain is dissolved, while the antimony re- 
mains unchanged. 


DISSOCIATION 

635. Dissociation of iodined A small quantity of iodine is 
introduced into a test tube, which is then drawn out and 
hermetically sealed. The tube is supported in front of a slit 
through which a beam of light is issuing, and an image of the 
slit projected upon the screen. On gently warming the tube by 
means of a Bunsen lamp the violet colour of the iodine vapour 
will be seen, but as the temperature is gradually raised the 
violet colour gives place to an intense and pure bl tie. As the 
tube cools again the violet tint once more makes its appearance. 
Care must be taken to avoid the use of too much iodine, or the 
blue colour will be too intense to allow of the passage of the 
light fit will be found that *25 gi*am for a test tube of about 
70 cubic centimetres capacity (i.e, a tube 15 centimetres by 
2^ centimetres) will give a good result. The tube should be 
suspended by a whe, so that the whole of it may be heated by 
brushing the flame over it, 

^ See Table XXV, in the Appendix. 
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636, Bissooiatiou of nitrogen peroxide.^ A quantity of nitro- 
gen peroxide is iutrodaced into a flask, tke neck of widch lias 
been drawn out, by delivering into it a small quantity of nitric 
oxide, ^nd the flask is then sealed off. If the flask be cooled 
and placed in front of the lamp, a pale-yellow disc of light will 
be seen upon the screen. On heating the flask ilie colour of the 
light will rapidly deepen until it has assumed such a dark-brown 
colour that it appears almost opaque. The flask may be con- 
veniently cooled while in position by allowing a little ether to 
drop upon a piece of rag or blotting-paper placed upon the 
flask, and at the same time gently blowing the vessel to hasten 
the evaporation. 

This change of colour may be seen almost equally well by 
supporting the flask over a white surface, and applying the heat. 

637, Dissociation of ammonium chloride. A thin glass tube 
about 25 centimetres long and 20 millimetres bore has a piece of 
the stem of a clay tobacco pipe passed through it, and kept in 
position by two loosely fitting corks. A piece of pure crystallised 
ammonium chloride is placed in the tube near the middle; 


Fio. 11)1. 



at each end, immediately beyond the cork, is introduced a strip 
of blue litmus paper, which should be curled round ao as to 
lie flat against the glass tube. One end of the tobacco pipe is 
connected by means of a piece of caoutchouc tube to a small pair 
of hand-bellows (fig, 19-1). Heat is applied to the fragment of 


‘ See Table XXVI. in the Appendix. 


286 


CHEMICAL LECTURE EXPERIMENTS 


ammonium chloridej wliich at once begins to vaporise and to 
dissociate into the two gases, ammonia and hydrochloric acid, 
which diftuse in small quantities through the clay pipe stem. 
Owing to their difference in density, more ammonia^ passes 
through the porous stem in a given time^than hydrochloric acid, 
so that the gas within the stem will contain a slight excess of 
ammonia; if a gentle stream of air be driven through the porous 
tube by means of the small bellows, and the issuing gas be allowed 
to impinge upon moistened turmeric paper, the presence of the 
free ammonia is at once made evident. For the same reason a 
slight excess of hydrochloric acid gas will be found in the air 
within the glass tube, and this will make itself evident by 
reddening the strips of blue litmus paper. 

In this experiment it is better to use a pair of bellows, in 
order to sweep out the gases from the clay pipe, than a stream 
of hydrogen or other gas, as it is more advantageous to allow 
the ammonia to accumulate within the pipe and to drive it 
out at intervals with slight puffs. 


Fig. 105. 


638. Dissociation of phosphonium bromide, « If the two gases, 
liydrobromic acid and phosphoretied hydrogen, be passed into a 
cooled vessel, they will combine and form crystals of phospho- 
ninm bromide. The phosphoretted 
hydrogen may be prepared by the 
action of phosphorus upon alcoholic 
potash (see Phosphoretted Hydrogen, 
Experiment 5 to), and collected in a 
gas-holder. The hydrobromic acid is 
best prepared by passing hydrogen and 
bromine over a heated platinum spiral 
(see Hydrobromic Acid, Experiment 
225), as the current of gas can be regulated to any desired 
rate. 

The compound is conveniently collected by delivering the 
A>\yo gases into a flask, which should be cooled by being placed 
in a freezing mixture. If it be desired to preserve a quantity of 
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fclie compoimd as a specimen, tlie neck of the flask may be 
constricted as seen in the figure, and the tubes cfelivering the 
gases drawn out sufficiently fine to pass the constriction of the 
neck. ^Immediately the gases are mixed, a deposit of the phos- 
phoniuin bromide begins to collect upon the sides of the flask, 
and in a short time a considerable quantity of the compound 
will be formed ; the gases issuing from tire exit tube may be 
allowed to escape into a convenient draught. 

For the purposes of the experiment for which the phos- 
phouium bromide is being prepared it will be found convenient 
to transfer small quantities of it to a number of small U tubes, 
in which it can he sealed up and preserved until required for 
use. 

For this purpose the flask is removed from the freezing 
mixture, and a gentle stream of hydi^ogen is passed in by one 
of the two long tubes, the other one being closed by placing 
a pinch-cock npon the caoutchouc tube. One of the U tubes is 
connected with the exit tube, and is immersed in a freezing 
mixture. In this way a quantity of the compound will be con- 
densed in the U-tube, which may then be sealed up. When 
several of the tubes 
have been in this way 
prepared, the flask itself 
may be sealed up at the 
constricted part. 

To show the diasocia- 
tion of the phosphoniuoi 
bromide, a glass tube 30 
centimetres long and 1 
centimetre bore has two 
small branch tubes bio wn 
into it, one near to each 
end. The long stem of a clay tobacco pipe is inserted into the 
tube, being fitted at each end by means of short pieces of caou- 
tchouc tube, and being long enough to project one or two centi^ 
metres beyond the glass at each end (fig, 196). (As the stem of a 
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pipe is not often straight enough throughout such a length aa 
this to pass down a narrow tube, it may be necessary to join 
together two shorter pieces by means of a small piece of caou- 
tchouc tube.) A stream of hydrogen is passed through the glass 
tube, and the gas inflamed at an ordinary fish-tail burner, f, 
screwed into a short piece of lead pipe and connected to the 
exit tube, E, of the apparatus, the supply of hydrogen being so 
regulated that a small flame is burning, and, the burner being 
of metal, the flame will be non-luminous. 

*^A U tube containing the phosphonium bromide is attached 
to one end of the tobacco pipe, the other limb of the tube being 
connected with a hydrogen supply. This may be conveniently 
arranged as seen in the figure. By opening the screw-cock a, 
a gentle stream of hydrogen can be caused to pass through the 
U tube, and almost immediately the flame will show the pre- 
sence of phosphoretted hydrogen, this gas having diflused through 
the clay pipe into the glass tube. A piece of litmus paper held 
at the oj^posite end of the tobacco pipe is instantly reddened. 
If the gas issuing from this pipe be inflamed, it of course burns 
with a luminous flame due to phosphoretted hydrogen ; bnt if 
the flame at F be blown out, and the issuing gas allowed to 
impinge upon litmus, no reddening will result ; the amount of 
hydrobromic acid, if any, which will have diffused through 
being so extremely small. 

639. Bissociation of phosphonium chloride. By passing a 
mixture of phosphoretted hydrogen and hydrochloric acid gas 
through a U tube contained in a freezing mixture, the phos- 
phonium chloride is deposited as a while crystalline solid, 
which may he preserved as such by sealing the tube. By 
slightly cooling one limb of the sealed tube and leaving the 
other exposed, the substance may be readily sublimed and ob- 
tained in the form of large and perfect crystals. 

If a mixture of these two gases, in equal volumes, be in- 
troduced into a Cailletet tube (see Liquefaction of Gases, 
Experiment G5I) and subjected to compression, crystals of 
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pliosphonium clilorido are formed upon the sides of the tube; 
on releasing the pressure the crystals dissociate again into the 
original gases. If this experiment be perfonned in front of the 
lamp, an image of the tube being thrown upon the screen, it is 
advisable, on account of the heating of the tube by the light, to 
slightly cool it, either by surrounding it with cold water or by 
dropping a little ether upon it ; for if the temperature be allowed 
to reach 25°0. the compound is obtained in the liquid state — 
that is to say, the substance melts at about that teinperature — 
and therefore no formation of crystals takes place, although the 
pressure be increased to as much as 150 atmospheres. If while 
the substance is in the liquid condition and UTider considerable 
compression the pressure be suddenly released, the redaction of 
temperature which results causes the instant solidification of the 
compound, and a deposition of fine snow-like crystals is seen 
throughout the length of the tube. 

640. If a Oailletet apparatus be not available, the formation 
of the phosphonium chloride by pressure, and its subsequent 
dissociation, may be shown by means of a 
column of mercury. A stout glass tube about 
70 centimetres long is drawn out at one end, 
and connected with a mercury reservoir by 
means of a long piece of webbed caoutchouc tube. 

The other end is drawn out to a fine point. 

Mercury is placed in the reservoir, which is then 
raised until the metal begins to flow out from 
the point of the glass tube. The tube is then 
connected by means of a piece of caoutchouc 
to a small vessel containing the mixed gases, 
over mercury. A quantity of the gas is drawn 
over into the tube by lowering the reservoir, 
and the tube is then sealed off. The upper 
pai't of the tube is surrounded by a wider tube, as shown in 
the figure, in order to cool the contained gas. If the tube^ 
be cooled to 0°0., by means of ice-cold water, the pressure 
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required to effect the crystallisation of the compound will be 
13 atmospheres, the reservoir in this case having to be 
raised to a height gf 1 0 metres. By cooling the tube below this 
temperature, which may be conveniently done by surrgunding 
it with brine previously cooled in a freezing mixture of ice 
and salt, the crystallisation may be brought about at much 
lower pressures, as the following figures will show : — 

At — 5°0., mercury column required = 7 metres, being a 
pressure of about 9 atmospheres. 

At — 10°G., mercury column required =5 metres, being a 
pressure of about 6‘5 atmospheres. 

At — 15^0. j mercury column required metres, being a 
pressure of about 4 atmospheres. 

As a temperature of — 15^0. is readily obtained in this way, 
it will be found most convenient to cool the tube to this degree, 
and thus avoid tlie use of any excessive length of flexible tube. 

• 641. Dissooiation of phosphorus pentachloride. A few grams 
of phosphorus pentachloride are sealed up in a wide glass tube. 
On applying a moderate heat to the compound it undergoes 
dissociation, and the yellow colour of the chlorine will be 
apparent. As the tube cools again the co?i tents become colour- 
less as before, 

642. Dissociation of ammonium oxalate. A quantity of 
ammonium oxalate is dissolved in water, and a little litmus 
added. If the salt is pure the solution will be neutral and the 
litmus will retain its violet colour, otherwise the solution must 
he rendered perfectly neutral. 

The liquid is then boiled in a small retort, the stem of which 
is made to dip into water which has been coloured with reddened 
litmus. 

In the course of a few minutes the reddened litmus in the 
receiver is turned bine, while the solution in the retort becomes 
acid, which is seen by the litmus becomine: red. 
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643. To show the effect of pressure and of- cold successively 
upon the same sample of gas, A suitable gas to employ is ether 
vapour. A glass tube about a metre loug is connected by- 
means of flexible tube to a mercnry reservoir (conveniently 
made from a dropping funnel), in the manner shown in fig. 198. 
The upper end of the tube is drawn out to a fine capillary tube, 
which is bent over so as to dip into a small vessel containing 
ether. The reservoir is raised until the air in the apparatus is 
expelled, and then on slightly lowering it, about 2 c.c. are 
drawn over into tlie tube. The tub© is then sealed off by direct- 
ing a fine blowpipe flame upon it at a distance from the end. 
The tube is then jacketed with a wider tube, the cork at the 
bottom also carrying a small' exit tube which can 
be closed by means of a pinch-cock and piece of 
rubber tube. Warm water is poured into the 
outer tube so as to cause the ether to completely 
vaporise while the reservoir is at a point a little 
below the top of the tube. On raising the reser- 
voii', and so subjecLing the vapour to increased 
pressure, the ether will be liquefied ; on lowering 
it to its former position the ether again returns to 
the gaseous state. The warm water is now with- 
di’awn by opening the pinch-cock (the mercury 
reservoir being allowed to remain stationary) and 
replaced by cold water, preferably iced. As the 
cold water is applied the mercury once more 
rises in the tube, and the ether vapour is again condensed to 
the liquid condition. 

The most serviceiable flexible tube for conveying mercury* 
and withstanding pressure consists of caoutchouc tubing’ 2 mil- 
limetres bore and 2 millimetres thick in the walls, upon which 
has been woven a covering of cotton. Such tube is more 
durable than uncovered thick wall tube, and will stand a mucjj 
greater internal pressure. 


Fig 198 
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’ 644, To show the liquefaction of a gas in a sealed tube 
(Faraday's method). An apparatus slightly modified from the 
usually described* fprui of Faraday tube is made by sealing a 
short piece of narrow tube upon one end of a tube^ about 
23 centimetres long, and of about the substance of ordinary 
^combustion’ tubing, the narrow tube being then bent at a ' 
right angle, as shown in the figure. A quantity of dry silver 

chloride is placed in the wide part 
of the tube while the end is still 
open, a little plug of asbestos being 
first pushed up to the joint in order 
to prevent any fragments of the 
chloride from passing into the 
narrow tube. When neaidy full the tube is drawn off, and a 
stream of dry ammonia gas passed through for twenty or thirty 
miuutes. The tube is then sealed up at both ends. The 
narrow limb is placed in a freezing mixture, and a gentle heat 
applied to the other portion by brushing a Bunsen flame back- 
wards and forwards along it. Tlie ammoniacal silver chloride 
melts and gives up its ammonia, which becomes condensed 
by its own pressure and the cold of the freezing mixture, and 
collects as a colourless liquid in the narrow limb. On re- 
moving the tube from the freezing mixture and allowing it 
to stand, the ammonia boils off into vapour, and is reabsorbed 
by the silver chloride. The tube should be held in a horizontal 
position, so that the fused contents may present as much surface 
as possible to the ammonia, 

^5. The power of charcoal to absorb gases may be made 
use of for obtaining liquefied ammonia. In this case the tube 
is packed with charcoal in small grains, and a stream of dry 
ammonia gas passed over it. The tube should be first heated, 
and then allowed to become quite cold while the gas is still 
passing through ; it is then sealed up and treated exactly as 
^escribed above. 

It is convenient, even when silver chloride is used to absorb 
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the ammonia, to mix it with sufficient charcoal to prevent tlie 
mass from running together when heated. 

646. Liquid sulphur dioxide may also be produced by 
absorbing the gas by means of charcoal and heating the material 
in a sealed tube. 

647. The liquefaction of an easily condensed gas may be 
effected by the pressure obtained by a column of mercury, A 
convenient gas for the purpose is sulphur dioxide. A U tube, 
about a metre long, having a small branch tube blown into the 
bend, is connected by this branch to a mercury reservoir by 
means of a long flexible tube. The ends of the U tube are 
drawn out so that gas may be introduced, and so that they 
may ultimately be sealed off. To fill the tubes, mercury is 
poiu’ed into the reservoir, which is 
then lowered down so that a small 
quantity of the metal remains in the 
bend of the U tube. A stream of sul- 
phur dioxide is then driven down one 
limb, so that it ' will bubble past the 
mercury in the bend and escape at the 
open end of the other limb. Wlien 
all the air is thus swept out, the tube 
into which the gas is being delivered is 
sealed by a blowpipe ; the reservoir is 
then raised until all the gas in the open 
Jimb is driven out, and on again lower- 
ing the mercury air will re-enter this 
tube. After adjusting the level of the 
mercury in the two limbs, the second 
tube, now containing air, is sealed up. ' 

This tube is to serve as an indicator of 
the pressure, and is roughly graduated by means of india-rubber 
rings. On raising the reservoir, by means of a cord passing 
through a pulley fixed at a convenient height, the mercury wil4 
be seen to rise at first equally in both limbs i but as the 





294 ' 


CHEMICAL LECTURE EXPERHVIENTS 


pressure reaches 8 to 4 atmospheres the sulphur dioxide 
is condensed to a small quantity of liquid, which will occupy 
the narrow part of the tube at the top, On again lo'w;ering the 
reseiToir this liquid boils off once more into gas, and occupies 
the original volume in the tube, 

648 . The liquefaction of a gas requiring only a few atmo- 
spheres pressure to condense it may be effected by forcing the 
mercury into the tube by means of a plunger. In the case of 
such an easily condensible gas as sulphur dioxide the entire 
apparatus may be constructed of glass. Fig. 201 represents a 
simple form of the apparatus ; it con- 
sists of three vertical tubes connected 
togetlier by a horizontal piece of Spren^ 
gel tube. Tube a contains the sulphur 
dioxide ; this tube is constructed of a 
moderately stout tube about 15 centi- 
metres long, upon one end of which is 
blown a piece of tube having a flat 
bore. Tl^e object of fhis flat bore tube 
is two-fold. The amount of liquid 
produced will occupy a much greater 
length in the tube than if the bore were 
round, and so allow the experimeut to 
be made on a much smaller scale ; and also it renders it possible 
to project an image of the tube, with the little column of liquid 
gas, upon the screen. Tube b is a pressure gauge, and consists 
merely of a piece of Sprengel tube graduated by means of caou- 
tchouc rings. Tube 0 is the reservoir for the mercury, and must 
be of such a size that it can contain enough mercury to fill the 
rest of -the apparatus. A glass stopcock is blown into the hori- 
zontal tube, so that communication between the reservon and the 
other tubes may be closed or opened at will. The whole appa- 
ratus may be conveniently mounted on a wooden stand, as seen 
In the figure. To fill the apparatus a quantity of mei'cury is 
poured into tube o, the cock being closed. A small quantity 
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of mercury is then allowed to pass the cock, so as to lill the 
horizontal tube and rise a very short distance in the two tubes 
A and B. A stream of sulphur dioxide ds next passed in 
throup^i the drawn-out and open end of tube b, the gas bub- 
bling through ihe mercury and escaping at the drawn-out open 
end of A. When the air is entirely displaced the point of 
tube A is sealed up. The sulphur dioxide in the tube B may 
be allowed to diffuse out through the open end, or may be 
swept out by driving the mercury up the tube by means of the 
piston or plunger, and when the tube is filled with air it is also 
sealed up. The piston iniiy be conveniently made of a very 
stout glass rod which has been constricted near one end. A 
short piece of caoutchouc tube is slipped over this rod at the 
constriction, and bv adjusting its position upon the slightly 
taper part of the rod the piston may be made to fit the tube^o. 
The piston is moistened with a little glycerine, which gives it a 
perfectly easy movement against the sides of the tube. As the 
piston is pressed down into the tube, the cock being open, the 
sulphur dioxide in tube a is ensily liquefied, the air-gauge 
registering the pressure, and the liquid can be maintained in 
the tube by closing the cock. By gently opening the cock and 
again releasing the pressure, the sulphur dioxide once more 
boils off into gas. When once charged, the apparatus may he 
preserved for use for an indefinite time, the piston being with' 
drawn, and the tube 0 being closed by a cork. 

649. To liquefy a gas by the application of cold only. The 
most convenient form of apparatus for this purpose is the con- 
densing tube shown in fig. 202. It consists of an elongated bulb, 
blown upon the end of a glass tube of about 1 centimetre 
bore and 20 centimetres long ; into the shoulder of the bulb 
is blown a piece of small tube, which is brought up parallel 
with the wider tube and bent as seen in the figure. The tube 
is immersed in a suitable freezing mixture, and the gas passed 
into it by the small tube, in order to expose it to as much cock- 
ing surface as possible. The advantages of this form of cun- 
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cleusing tube over tlie ortlinar}^ apparatus are, firsts tlmt a mucL 
smaller quantity of freezing mixture is necessary ; and, second, 
that the gas is more rapidly condensed, owing to 
the small tube through which it enters. ^^When 
the freezing mixture to be used is ice and salt, 
or ice and chloride of calcium, the mixture may 
be contained in a glass cylinder ; but when solid 
carbon dioxide and ether is used, a convenient 
receptacle for it is a boiling tube of such a size 
that the condensing tube can just pass easily 
down. The boiling tube should be wrapped in 
either flannel or green baize. A quantity of 
ether, about half Ailing the tube, is introduced, 
and fragments of solid carbon dioxide added. In this way, 
with the minimum expenditure of carbon dioxide, considerable 
quantities of such gases as ammonia, chlorine, &c., may be 
readily liquefied. 

650. To show that a gas suffers a change in temperature by 
either sudden compression or expansion. In the first case, the heat 
generated by compression may be demonstrated by igniting a 
mixture of air and carbon disulphide vapour' by suddenly sub- 


Fio. m. 



jecting' it to pressure. This is a modification of the familiar 
tinder experiment. A glass cylinder, made of a piece of glass 
tube with very thick walls, is fitted with a steel plunger, the 
Iq^ter being provided with a leather washer, as in the case of an 
ordinary pump. A minute fragment of blotting-paper, mois- 
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tened witli carbou disulphide, is dropped into the cylinder, and 
the plunger very suddenly thrust down ; a feeble flash of light, 
which will be distinctly visible in a darkened room, will be seen 
within the cylinder.^ 

661. The opposite efiect — viz. the production of cold by the 
sudden expansion of a gas — may be shown by placing the bulb of 


‘ It is a remarkable and interesting fact that the principle involved in this 
experiment is actually made use of by certain savage tilbes of North Borneo 
as a means of obtaining fiie The figure represents a specimen of the com- 
plete apparatus collected by Mr. Skeitchly, and presmted by him to the 
Anthropological Museum of Oxford. 

The cylinder A is made of an alloy of 2 parts of lead to 1 part of tin, and 
is cast in a bamboo mould, the mould being a thin piece of bamboo split 
lengthwise, and on the intenor of which the ornamental bands, Sec., are in- 
cised. The cylinder is usually made ceutimetres long, 12 millimetres 
diameter, and 9 millimetres bore. 


Fig. 201 



The piston u is made of any hard wood, has a head or knob at the top, and 
is packed at the end, for 2^ con Li metres, with cloth, to render ihe apparatus 
air-tight. The end is slightly hollowed for the reception of the tinder. 

The tinder which is found to answer best is made from the external 
covering of the stem of a particular X->alm ; it is carried in the tinder-box o, 
which IS constructed out of a joint of a bamboo. 

D is the cleaning stick, and this and the tinder-box are attached to the 
cylinder by means of a piece of string. 

A small piece of tinder is placed in the hollowed end of the piston, which is 
then inserted in the mouth of the cylinder. Holding the cylinder in the left 
hand, the knob of the piston is smartly struck with the open right hand with 
sufficient force to drive the piston home. The piston is instantly and quiokl^ 
withdrawn, and the tinder is seen to be alight. 
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an air-thermometer beneath the receiver of an air-pump, and 
suddenly rarefying the air by one or two strokes of the pump. 
For this purpose a** small tubulated bell-jar has fitted into it a 
glass bulb about 20 mm. in diameter; the stem of the bulb 
passes through a caoutchouc stopper which tightly fits the 
neck of the bell-jar. It is well to smoke the bulb after it is 
fixed into its place, which may be done with the flame of a 
burning taper. The bell is then placed upon the plate of an 
air-pump, and the stem of tlie bulb is connected by a piece of 
Hiie caoutchouc tube to a straight piece of fiat bore tube (shown 
in section in the figure), which dips into a small vessel contain- 
ing some coloured water. The flat 
bore tube is placed in front of a 
lantern and an image of it thrown 
upon tlie screen, the coloured liquid 
being brought up in the tube to 
any convenient point by simply 
squeezing the caoutchouc connect- 
ing tube for n moment, thereby 
expelling one or Wo bubbles of air. 
When the liquid is just within the 
field, one or two strokes of the air- 
pump are made. The sudden rarefaction of the atmosphere 
within the bell-jar has the effect of , lowering the temperature of 
the remaining am, and consequently cooling the blackened bulb ; 
the effect of the cooling of the bulb is to contract the air within 
it, and cause the liquid in the stem to move in a direction 
towards the bulb, i.e. to rise in the stem. When the liquid has 
risen to its maximum height, and the movement stopped, if air 
be allowed rapidly to re-enter the bell-jar the reverse action 
will be seen ho take place, the bulb being warmed by the rarefied 
air suddenly becoming more dense. It will be found convenient 
to attach permanently to the flat bore tube a small vessel to 
contain the coloured liquid ; for this purpose a minute flask, or 
r»small bulb, may be fitted upon the end of the tuba by means of 
a small piece of caoutchouc tube ; the neck of the bulb being of 
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such a size that the tube with the rubber upon it can be squeezed 
into it ; a small hole is then punctured in the bulb. (See also 
the Atmosphere, Experiment 341.) 

662. Tlie reduction of temperature consequent upon the 
expansion of a gas when released from high pressure may be 
shown by allowing the gas to escape from a cylinder of com- 
pressed. oxygen, and causing it to blow against the bulb of an 
air thermometer. For this purpose a short piece of small brass 
pipe is soldered into the nozjsle of the gas-bottle. The project- 
ing end of this pipe is then closed by means of a little solder, and 
a fine pin-hole bored through the end with a small drill. The 
gas-bottle is then supported in a horizontal position, and 
the bulb of an air thermometer (see fig, 50) is held in a clamp 
quite near to the jet On opening the yalve, the outrushing 
gas will have its temperature lowered by its sudden expansion, 
which will be immediately evident by a disturbance of the level 
of the liquid in the bent limb of the thermometer. This effect 
can also be obtained, although in a less pronounced degree, 
without constructing a special jet, hut by removing the nozzle 
altogether from the bottle and bringing the bulb as near to the 
valve as possible before releasing the gas, 

663. The liquefaction, of gases by means of Oersted’s condenser. 

This apparatus consists of three parts ; viz., first, a cylinder of 
very stout glass fixed into a wooden base, and with a brass 
liange fitted upon the top ; second, a small brass pump fitted 
with a three-way cock, and a small glass vessel capable of 
holding about 200 c.c. of water. This little pump is sciwed into 
a brass base, which constitutes the cover for the cylinder, and 
which accurately fits the flange, being so made that on turning 
it a few degrees these two port ..ons of the instrument aie 
secured together. The third part is a small non pot attached 
to the end of a brass rod, which also carries a disc of metal 
perforated with two or three holes. This pot is filled witk 
mercury, and the tubes containing the gases to be liquefied are 



30Q CHEmCAL MCTUHE EXPERIMENTS 

stood in it, having been first passed up througla the holes in the 
disc which keep them in position. 

The tubes may 'be made of thin glass, drawn oS* to a long 

taper end in order to render 
the condensed gas moi’e visible. 
The tubes must be of such a 
bore that the little reservoir 
in which they stand will con- 
tain enough mercury to more 
than fill all that are to be used 
at once. 

A piece of Sprengel tube 
closed at one end, and contain- 
ing air, should be placed in the 
apparatus to serve as a gauge 
to indicate the pressure ; this 
tube may be graduated by small 
india-rubber rings. To keep 
the tubes steady, and with their 
ends depressed to the bottom of the mercury hi the small reser- 
voir, small pieces of cork may be packed into the holes in the 
disc through which they pass, or a ring of india-rubber may 
be slipped over them and brought down close to the disc. 
When the tubes are in place, the whole of this part of the 
apparatus is lowered down into the glass cylinder, which has 
been previously nearly filled with water. The little condensing 
pump is then fixed into position. With each stroke of the 
pump, the three-way cock has to be made use of, for when raising 
the piston the small side reservoir is placed in communication 
with the pump, and when pushing it down communication with 
the reservoir is cut off, and that with the main cylinder opened. 

In this way a pressure of ten or twelve atmospheres may 
readily be obtained, without any danger to the cylinder. If it 
be required to project an image of the tube or tubes upon the 
ccteen, the glass cylinder must be encased in a metal jacket 
having parallel sides of plate glass. The jacket, or case, is 
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constoucted in two halves, which are bolted together by a 
number of screws, and rendered water-tight by means of india- 
rubber packing. This case is filled up with water, when it will 
be possible to obtain an image of the tubes within the cylinder. 

664r. The liquefaction of gases by means of Cailletet’s appa- 
ratus. This apparatus consists of a small hydraulic pump (fig. 
207), and a strong steel bottle (fig. 208), which can be put into 
communication with each other by means of a fine copper tube. 
The gas to be experimented upon is contained in a glass tube, 


Fig. 207. 



having a gun-metal collar cemented upon it, and which is 
lowered into the steel bottle, into which a quantity of mercury 
has been poured. On working the pump, water is forced into 
the steel bottle, and thereby drives the mercury up into the 
glass tube, thus compressing the gas. For lecture purposes this 
is a very useful piece of apparatus, having rendered the Oersted’s 
condenser practically obsolete, and as it requires some little 
care for the successful manipulation of it, its use may be de- 
scribed at some length. 

’ To cement the glass tubes into the gun-metal collars. This 
may be done with marine glue, or better with bicycle cement, 
which for many laboratory purposes is an extremely useful, 
cement. The metal piece is heated by being placed in a pan of 
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boiling water, and that part of the glass tube to which the collar 
is to be fastened is smeared with a quantity of the cement by 
gently warming Over a flame. The hot piece of metal is then re- 
moved from the water and placed upon a small retort-stand ring, 
or held in a clamp while the tube is slowly pushed through. It 
is then left in this vertical position until quite cold, when any 
excess of cement can be removed with a warm knife, and the' 
parts finally cleaned by a little benzene, or carbon disulphide. 

To fill the tubes with gas. The closed end of the tube is 
opened by cutting off the extreme point with a file, and three or 
four cubic centimetres of mercury are put into the tube by dip- 
ping the recurved end into a vessel containing mercury; the 

tube is then held in a clamp 
in a nearly horizontal position, 
and a stream of the gas with 
which the tube is to be filled 
is passed through by means 
of a piece of caoutchouc tube. 
When the air is all displaced 
the point sealed by a fine 
blowpipe flame, and the tube 
raised to a vertical position. 
The mercury which now fills 
the recurved end forms a trap 
to prevent the ingress of air, 
while removing the tube to 
a small vessel of mercury in 
which it is placed until required. It is convenient to have a 
rack capable of holding a number of tubes which have been filled 
with different gases; such a contrivance is shown in Sg. 209, 
where each tube is stood in a small beaker containing mercury. 

The quantity of mercury which must be put into the steel 
bottle must be ascertained once for ail by trial. If too little be 
present, water will get into the gas tube, which in many cases by 
rits action upon the gas would be fatal to the experiment. If too 
much mercury be used, it is liable to find its way along the 
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copper tube into tbe pump, which will rapidly become corroded 
by it. Before the steel bottle is connected to the pump, 
such a quantity of mercury is introduced ,that when a tube 
is lowered into its place the excess will overflow from the 
side aperture, the bottle being slightly tipped towards that side; 
two or three different tubes should in this way be lowered into 
’the bottle, as they are liable to vary slightly in size. When 
nothing more is forced out from the opening, the tube is again 
removed, and the mercury which is in the bottle is poured out 
and measured. It is a good plan to adopt the additional pre- 
caution of having a mercury trap between the bottle and the 
pump. This consists of a small steel cylinder which is screwed 
directly ""to the bottle, coming between it and the copper pipe. 
This cylinder will receive any mercury which might overflow 
from the bottle, and being provided with a, screw plug in the 
bottom, it may be opened from time to time (fig. 208). 

When the apparatus is to be used, the tube containing the 
gas is lowered into its place (the collar sitting upon a leather 
washer placed upon the shoulder within the 
bottle) and is securely held down by a nut, 
which passes over the narrow part of the 
collar, and engages in the thread upon the 
neck of the bottle. If the gas to be liquefied 
does not require more than about 150 atmo- 
spheres pressure, the tube need not be pro- 
tected by any outer jacket, as all such guard 
tubes render it more difficult to see the experi- 
ment, and if an image of the tube is being 
projected upon the screen they greatly dis- 
tort the image. When it is needful to surround the tube, 
either for safety or in order to cool or warm the gas, the jacket 
should be a tube made by cementing flat glass together ‘in the 
form of a square tube, or long square cell, fig. 210 ; in this way 
the image will be the least obscured. As the pump is put into 
action the mercury will be forced up into the narrow part of the 
glass tube, and the liquid will make its appearance as a small 
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column floating upon the mercury. If the pressure required to 
liquefy the particular gas under consideration be not greater 
than about 200 -atmospheres, the operation may be performed 
entirely by the use of the long lever handle of the pump ; 
the side piston, which is actuated by the small wheel, being 
only intended to enable the experimenter to exert additional 
pressure upon the gas when the use of the lever becomes uncom-" 
fortably hard work. To release the pressure, water is allowed 
to escape by turning the second wheel. If this he done gently 
the liquefied gas will be seen to boil off slowly into gas; if done 
suddenly the liquid will instantly flash off into gas, thereby 
developing a degree of cold which in many cases causes the 
formation of a cloud of either the liquefied or solidified gas. 
With this apparatus, and without the application of any re- 
frigerating mixtures, a number of gases may be reduced to the 
liquid state, gases whose critical points are not below the 
ordinary temperature, and which require not more than about 
150 atmospheres for their liquefaction.^ 

665. When the critical point ^ of a gas is only a few degrees 
below the ordinary temperature, it is possible to obtain it in the 
liquid state without the use of any refrigerators, by cooling it 
by sudden expansion. Ethylene is a good illustration to employ. 
When this gas is compressed even to 150 atmospheres no lique- 
faction takes place, but if the pressure be slightly but suddenly 
released, by a rapid -movement of the wheel, the internal tem- 
perature will be lowered below the critical point (about -h 10°0.), 
and the gas will he liquefied. 

By a little manipulatiou with the pump, even a gas whose 
critical point is as high as that of carbon dioxide (3l’9°0.) may 
be made to show a similar result ; by very rapidly compressing 
this gas its temperature may be raised above this point, and no 
liquid will be produced even at 150 atmospheres, but on a 
momentary release of the pressure the temperature falls and 
the gas is condensed. 

' See Table XXXII. in the Appendix. 

* See Table XXXI. in the Appendix. 
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Tlie critical point of a gas, e,g, carbon dioxide, may also be 
slaown by surrounding the tube with the square glass cell, 
into which warm water is poured having a, temperature a few 


degree^ above the critical point. On compressing the gas with 
a pressure greatly above what would be required at ordinary 
temperatures, it will be seen that there is no liquefaction taking 


"'place. If the warm water be 
run out and replaced by cold 
water, the liquid state is at once 
assumed by the gas. 

The liquefaction of gases 
whose critical points are so 
low that powerful refrigerating 
means have to be employed may 
also be effected by the Oailletet 
apparatus, but of slightly modi- 
fied form. In this case the gas 
tubes are much longer, and there- 
fore the steel bottle proportion- 
ately deeper than that above 
described. The capillary end of 
the tube containing the gas is 
bent twice at right angles, so 
that the end may be dipped down 
into the refrigerating liquid. 

Fig. 211 shows the apparatus 
for the liquefaction of oxygen, 
with the aiTangements for pro- 
ducing the requisite reduction 
of temperature. 

The degree of cold necessary 


Fig. 211. 



for this experiment is obtained 

by the evaporation of liquid ethylene. The ethylene is con- 
tained in the steel cylinder E, which is connected 'to a fine 
copper worm A A', The worm is contained in an inverted narrow* 
glass bell, and, passing out through a cork at the base, is so bent 
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that the liquid ethylene may be delivered into the small glass 
tube F. In order to prevent the deposition of hoar frost upon 
the outside of thiSrtube, it is contained in the glass jar g, pro- 
vided with a close-fitting cover , and in which a quantity of strong 
sulphuric acid has been placed in order to dry the air within it. ■ 

A. second copper worm b b' is also contained in the glass bell ; 
this is connected at b with a hydrogen supply, while its lower"' 
e^d^remity is attached to a glass tube d which dips into the tube F. 

The end of the glass tube o containing the oxygen is then 
brought into the tube F, as shown in the figure. 

The glass vessel containing the two worms is about two- 
thirds filled with ether which has been cooled to —20^0. in a 
freezing mixture of ice and calcium chloride. Solid carbon 
dioxide is then thrown in until the temperature falls to —70^0. 
When this point is reached, a quantity of liquid ethylene 
is allowed to pass through the worm until the tube F is about 
three parts filled. The valve of the ethylene reservoir is then 
closed, and a stream of dry hydrogen gas passed through the 
worm Bfih The stream of cold and dry hydrogen bubbling 
through the liquid so increases the rapidity of the evaporation 
that the temperature quickly falls below the critical point oi 
oxygen, when a pressure of from 50 to 100 atmospheres (as 
registered by the Bourdon gauge upon the pump) will suflSce 
to effect the liquefaction of the gas, the liquid collecting in the 
cooled limb of the tube 0. 

The hydrogen, delivered from a cylinder of compressed gas, 
may be dried by being passed through a large glass vessel having 
a capacity of 8 or 10 litres, filled with fragments of quicklime. 

656. The most recent methods for the liquefaction of gases, 
by which considerable quantities of liquid oxygen or air may 
be obtained, are based upon the principle illustrated in Ex- 
periments 651, 652. The gas, unclev high pressure, is made 
to escape from a fine jet at the extremity oF a long spiral of 
metal pipe enclosed in a vessel which is insulated as perfectly 
^s possible from the surrounding air. The issuing gas, cooled 
by its own sudden expansion, sweeps past the spiral tube and 
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thereby cools the incoming gas while it is still under high 
pressure, so that the initial temperature of the gas before it 
undergoes sudden expansion is gradually made' lower and lower. 
In thift way the gas is made to constantly undergo its expansion 
from a lower platform of temperature than that of the gas which 
preceded it, and this process goes on until the point of lique- 
faction is reached. 

In order to bring about this result with oxygen, it is neces- 
sary that the stream of gas should issue continuously from tlie 
jet under a constant pressure of at least 120 atmospheres, for 
about half an hour, when, under favourable circumstances, the 
temperature will have fallen to the boiling-point of oxygen. 'With 
air either adonger time is required, or the gas must be allowed 
to escape from a still greater pressure. 

To keep up a supply of oxygen under a pressure of 120 
atmospheres for a sufficiently long time to accomplish the 
result of liquefaction, a considerable amount of machinery is 
required, and at present no apparatus has been constructed 
which makes it possible to show thi.s experiment on a small 
scale upon the oivlinary lecture-table. 

If, however, the oxygen be previously cooled by means of 
solid carbon dioxide to — 80°O. before it is allowed to issue from 
the jet, then in a few minutes, by the further cooling due to its 
own expansion, its temperature will fall below its boiling point, 
and liquid oxygen rapidly collects. 

A compact piece of apparatus suitable for preparing liquid 
oxygen for lecture illustration has been designed by Professor 
Dewar.* The metal spiral tube, from the extremity of which the 
oxygen is made to issue, is enclosed in a double-walled cylin- 
drical box, packed with cork dust or other non-conducting 
material between the walls. The spiral is then cooled by means 
of carbonic acid. This is accomplished by placing a small 
quantity of alcohol in the annular space SLirrouiidiug the spiral, 
and sending a stream of liquid carbon dioxide into the spirit. 
In about ten mihiitea, by the use of about ten pounds of liquifl 
‘ CoBstruoted by Mesis. Lennox, E&ynolds & Fyta, Fulham. 
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carbon dioxide, tbe temperature of the metal contents of the 
apparatus will be reduced to — 80°0. 

The spiral is' connected to a large cylinder of compressed 
oxygen, capable of containing from 100 to 150 cubic feet^of gas, 
under a pressure of from 120 to 160 atmospheres. The orifice 
through which the compressed oxygen issues consists of a minute ^ 
bole neai’ the end of the spiral pipe projecting through the 
bottom of the cylindrical box. This hole can be partially or 
completely closed by means of a fine-pointed steel rod, which can 
be adjusted by a screw. In this way the rate at which the 
oxygen issues can be regulated to a nicety. By means of a 
cork, a vacuum-jacketed tube is securely fitted over the ^xit end 
of the spiral, so that the oxygen ^vhich issues, instead of escaping 
at once into the air, is caused to rush back over the spiral tube, 
and fi-ually to escape at the top of the apparatus. In this way 
the oxygen (already at —80^0.), still further cooled by its own 
expansion, communicates its cold to the spiral tube. 

To collect the liquid oxygen after the apparatus has been 
cooled by carbon dioxide, the exit orifice is closed, and the valve 
of the oxygen cylinder opened until the gauge -^indicates a pres- 
sure of 140, to 150 atmospheres. The exit is then slightly 
opened and the escape of the gas regulated by the screw, while 
the oxygen cylinder is so far open as to maintain the pressure 
constant between 140 to 150 atmospheres. In two or three 
minutes a fiue spray of liquid is seen to be squirting out from 
tbe orifice along with the issuing gas, and beating against the 
sides of the vacuum-jacketed tube. This is the liquefied oxygen, 
which then streams down the inside of the tube and collects as 
a pale blue liquid. By means of this apparatus ‘25 to 30 c.c. of 
liquid oxygen can be collected in a few minutes. 

As no precautions are taken to purify or dry the oxygen gas, 
tbe liquid collected will be turbid with particles of solid carbon 
dioxide aud ice. It should, therefore, bo passed througli a 
blobiing-poper filter. The filter should be used without a glass 
o;« other funnel, but simply a blotting-paper cone supported over 
a second vacuum-jacketed tube by means of a retort-stand ring. 
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EXPERIMENTS ON ELECTROLYSIS. 

657. A number of experiments involving the electrolytic 
, decomposition of compounds ai^e best shown by projection upon 
the screen, the electrolysis being conducted in a glass cell with 
parallel sides. Such a cell is shown in fig. 14, page 18. 

A simple modification of this cell may readily be constructed 
by squeezing a piece of caoutchouc tube between two pieces of 
sheet glass ; the whole being secured together, without the aid 
of any cement, either by binding-wire (fig. 212) or by means of 


Fig. 212, 



two strips of band-brass which can be clamped together by 
means of small bolts and nuts passing through their ends. A 
foot for the cell is made by nailing two strips of wood upon a 
small piece of board so as to form a 
groove into which the cell will just fit 
(fig. 213). 

The electrodes may be conveniently 
fitted to aucli a cell by sealing the wires 
into the ends of short glass tubes of 
small bore, which are passed through 
corks cut slightly wedge-shape, so that they can easily be fitted 


Fig, 213 
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into the cell. The glass tubes are nearly filled with mercury, 
and connection with the battery is made by 
'dipping the wire leads into the mercury 
(fig 214). 

If the cell is a very small one, intended to 
be used witL lenses of high magnifying power, 
as ill the lantern microscope (see p. 325), the" 
electrodes must be rather close together. They 
should therefore be both passed through the 
same cork. 

668. Electrolysis of lead acetate solution. 

A strong solution of lead acetate is placed in 
such a cell as described above, and a feeble 
electric current passed through it. Crystals 
of lead, in beautiful fern-like forms, rapidly deposit upon the 
negative electrode. On reversing the current the crystals will 
be seen to dissolve in the liquid, and while they are undergoing 
solution curious long filaments, resembling spiders’ legs, make 
them appearance at the opposite electrode. r. 

The experiment is best made in a small cell, using the 
microscope or the arrangement described 'on page 825. A 
current reverser should be placed in the circuit, so as to avoid 
disturbing the apparatus by changing the wires. 

A solution of stannous chloride also deposits crystals of tin 
when submitted to treatment in the same way. 

669. The deposition of certain metals in the crystalline form 
by displacement from solutions of their salts, by means of more 
electro-negative metals, may also be shown upon the screen 

The electrodes are replaced by a narrow stidp of zinc about 
a millimetre wide, cut from a piece of thin sheet zinc. This is 
attached to a cork and introduced into a small cell and an image 
of it projected upon the screen, A solution of lead acetate, or 
stannous chloride, or silver nitrate, is then poured into the cell, 
and almost immediately crystals of the particular metal will 
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begin 'to moke their appearance upon the little strip of zinc, 
growing iu the course of a few minutes to a considerable 
size. 

660. Divided cells. In many electrolytic experiments it is 
necessary to divide the cell by means of a porous partition or 
diaphragm. This partition is most conveniently made of blot- 
ting-paper, by stitching several thicknesses of paper together. 
A snpi:)ly of them may be made iu the following ^vay. Eight 
sheets of blotting-^^aper are first pinned together at the corners 
with paper fasteners, and a number of lines are ruled on the 
uppermost sheet. The distance between the lines should be 
just a little less than the width of the cell for which the parti- 
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tion is to be used, and a space of about 6 millimetx’es should 
be allowed between each pair of lines. Then with a sewing- 
machine a row of stitches is run down each line, when the 
paper will present the appearance shown in fig. 215. With a 
pair of scissors the paper is then cut into strips, the' cutting 
being made down the middle of the narrow spaces between each 
pair of lines. 

A piece is cut from one of these strips, equal in length to 
the depth of the cell, and the edges opened out down the middle. 
It is then gently pushed down between the two walls of tne 
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cell, making a perfect fitting partition (A, fig. 216). A little 
margin for adjusting such a partition to a cell slightly narrower, 

^ » can be obtained by open- 

ing the paper between 
A B tlie rows of stitches, by 

gently pushing a lead^ 
pencil or glass rod down 
the middle. The parti- 
tion feo opened is shown 
at B, fig, 216. 

661, In a divided cell 
as above described, the 
electrolysis of saline so- 
liitions can be shown, in which one or both of the final x^roducts 
of the decomposition can be rendered manifest by certain colour 
reactions, as for example ; — 

(a) Cupric chloride, coloured with aniline blue. When this 
solution is in a divided cell, the chlorine liberated at the anode 
will bleach the colouring matter in that side o&the cell, leaving 
the XDale green colour of the cux^ric chloride. 

(b) Potassium iodide, containing a little starch. A small 
quantity of clear starch emulsion (see page 111) is added to a 
solution of potassium iodide, and the liquid electrolysed in a 
divided cell. The presence of the iodine will be instantly made 
evident by the liquid in the portion of the cell which contains 
the anode becoming blue. 

(c) Sodium chloride, coloured with reddened litmus. In this 
case the liquid will be bleached in one division of the cell, and 
turned blue in the other. 

(d) Sodium sulphate, coloured with infusion of red cabbage. 
One or two leaves of red cabbage are cut into shreds, and boiling 
water poured upon them in a beaker. The infusion so obtained 
has a violet colour. A saturated neutral solution of sodium sul- 
phate is coloured with this solution, and the mixture placed in 
a divided cell. When electrolysis takes place the liquid in one 
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porHon of the cell becomes a bright red, while the alkali in the 
other division turns the liquid green. 

663. To show that the products of electrolytic decomposition 
are onk liberated in contact with the electrodes, and not in the 
intervening liquid, a cell divided iuto three compartments by 
Q means of two paper diaphragms can be used. Into a cell so 
divided sodium sulphate solution coloured with infusion of red 
cabbage is introduced, and the two electrodes are placed in the 
two extreme compartments. W ben the current is passed through 
the cell, the liquid in the central division remains unchanged, 
while that in the others is turned red in one case and green in 
th5 othf^r. 

663. By a modification of Experiment G61 (c) the principle of 
Castner'’s new electrolytic process for manufacturing caustic soda 
may be illustrated. For this purpose a cylindrical stoppered 
funnel is fitted with a cork, 

through which pass a small Fia. 217. 

rod of gas carbon and an 
exit tube (fig. 217). Into the 
lower end of the funnel a 
platinum wire is fused. A 
quantity of mercury is placed 
in the apparatus, and upon 
this is poured a saturated 
solution of common salt. The 
carbon rod is made the anode, 
and the chlorine which is 
there disengaged may be col'- 
lected. The sodium which is 
liberated at the mercury 
cathode is dissolved in that 
metal, forming sodium amal- 
gam. During the electro- 
lysis the apparatus must be 
gently shaken, in order to 
prevent the sodium amalgam from accumulating upon the sur^ 
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face of the metal and acting upon the water with the liberation 
of hydrogen. If this is done, practically no gas will be seen to 
rise from the surfacfe of the mercury. After a few minutes— say 
when a moderate- sized cylinder of chlorine has been collected 
— the current anay be stopped, and the mercury at once run out 
into a clean stoppered bottle. A little distilled water is then 
poured upon it and the bottle shaken for a moment, after which 
the water will be found to be strongly alkaline to test-paper 

664:. As an illustration of the reduction of a metal from a 
fused electrolyte, the preparation of lithium from lithium chloride 
is a convenient example. The salt is carefully dried, and fused 
in a small porcelain crucible by means of a Bunsen flam/^, and a 
small rod of gas carbon is made the anode. A piece of stout iron 
wire, flattened out at one end, is used as the cathode. When 
the latter is introduced into the liquid, metallic lithium quickly 
collects on the iron. In a minute or two the wire is withdrawn 
and dipped into petroleum to cool it. The litliium may then he 
cut off the flattened wire with a knife. 


LANTERN ILLUSTRATIONS 

Not only are there a great many experiments which may 
with advantage be shown to an audience by means of the lamp, 
but there are others which can only be rendered visible by pro- 
jection upon a screen. The necessary apparatus for such 
lantern experiments as are described in the foregoing chapters, 
and the best methods for ifcs disposition, may be described under 
the following heads — viz. the light, the lantern, and the lenses. 

1, The source of light. — Practically this will be either the 
limelight or the elective light, although in the absence of these, 
and in a small room, for some experiments, a good duplex or 
triplex oil lamp can be made to do duty fairly well, 

^ . (a) The limelight can be produced by causing the flame of 
either burning hydrogen and oxygen, coal-gas and oxygen, or 
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etlier and oxygen to play upon a small cylinder of lime, and 
thereby raise it to incandescence ; these different flames being 
called respectively the oxy-hydrogen, oxy-corU gas, and theoxy- 
ether fl^imes. 

The form of jet employed for the oxy-hydrogen flame is 
one in which the two gases mix in a small chamber, packed 
wilJi wire gauze, and the mixture is 
inflamed at a platinum nozzle. Fig. 218 
shows such a jet. The two gases are 
imssed in at o and H ; they mix in the 
chamber O, and pass from thence to the 
ncJSzle. ^ 

The oxy-hydrogen flame being very 
fine, the spot of light produced when it 
impinges upon the lime has the advan- 
tage of being smaller than that obtained 
by either the oxy-coal gas or oxy-ether 
flames,' from the 2 Tatiire of tliis flame, 
however, it very rapidly bores little holeu 
into the lime, -fidiis ' pitting ' of the 
lime is attended with considerable risk 
to the nearest lens, especially when a 
short focus condenser is being used, for 
if the position^ of the lime be not fre- 
quently altered by a slight rotation of the cylinder, the flame 
will rebound from its surface and strike the lens. It is always 
advisable to guard the lens by interposing between it and the 
flame either a piece of sheet glass or thin mica. 

(The clear sheets of mica used for covering photographs are 
well suited for this purpose.) ^ 

There are two kinds of limes usually supplied for thp lime- 
light, known as ‘ hard ’ and ‘ soft ; ’ for the oxy-hydrogen flame 
the hard limes are to be preferred. 

The gas bags of former days have now been almost entirely 
superseded by iron or steel bottles containing the separate gaseft 
under pressure. In using these bottles, it is a great advantage to 
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employ regulators with them. These are firmly screwed fco the 
bottle, aad reduce the pressiu^e of tlie issuing gas to a few centi- 
metres of merciir^^. Fig. 219 shows such a regulator. The 
7 alve of the bottle may be fully opened, qaid the 
supply of gas controlled by the ordinary cocks upon 
the oxy-hj^drogen jet, or by pinch-cocks upon the 
caoutchouc tube conveying the gas. 

As these regulators are not intended to stand 
continuously the high pressure to which they are 
exposed, without a slight leakage, the valve of the 
bottle should be closed when the gas is not being 
used. ^ 

When starting the light, the liydrogen should 
be first turned on, and the jet inflamed. This 
should be allowed to play upon the lime for some little time, in 
order to warm it, before turning on the oxygen ; as by so doing 
the lime is not so liable to be broken by the great beat. The 
hydrogen flame is then adjusted to a suitable size, and the 
oxygen very slowly turned on. The air in the tube, which has 
first to pass out, does not raise the temperature of the flame, 
and it is a common mistake to conclude that, as the light does 
not at once appear, therefoi’e the stream of gas is not suffi- 
ciently rapid, and to open the oxygen cock more fully; the 
almost inevitable result of this is, that as soon as the oxygen 
reaches the flame there is a loud hissing and spluttering, and 
the flame is blown out. If the tube conveying the oxygen 
from the bottle to the jet he long, it is well to sweep the air out 
of it before attaching it to the jet by momentarily allowing 
oxygen to esca^De. 

The oxy-coal gas flame is for many reasons more convenient 
than the oxy-hydrogen flame. The form of jet used when coal- 
gas is employed instead of hydrogen is known as the ‘ blow- 
through jet.’ In this form of burner the gases are not mixed 
until they arrive at the jet, which consists of two concentric 
tribes, as in the ordinary Herapath blow-pipe. The coal-gas 
supplies the outer tube, the oxygen being fed into the flame by 
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the iBiier tube. This flame has no tendency to pit the lime, 
and therefore does not endanger the lenses. With this arrange- 
nieut ‘ soft ’ limes may be used, and, as in the' case of hydrogen, 
it is wejl to warm the lime by allowing the coal-gas to burn 
against it for some time before passing the oxygen. 

The oxy-ether flame is n very convenient source of light 
when neither hydrogen nor coal-gas ai-e available, and gives an 
excellent light. The jet employed is similar to that for the oxy- 
hydrogeii flame, but with a larger nozzle j each supply-pipe also 
should be furnished with a stop-cock. The special apparatus 
required is the ether tank, which consists of a copper box 
capable of holding about 800 cubic centimetres of ether. 

At one- end of the box is a 3- way tube, and at the opposite 
end a single exit tube, each provided with a stop-cook. The 
hox is of special construction inside to insure the complete 
saturation witli ether of the gas which passes through. 

To use the apparatus the tank is first filled with ether, and 
the tube from the oxygen bottle attached to c, fig. 220. The 
oxygen bottle must be furnished 
with a regulator, for this experi- 
ment. A tube from D is connected 
to the oxygen pipe of the jet, and a 
second from K to the hydrogen. The 
cocks A and a, as well as those upon 
the jet, are all closed, and the valve 
of the oxygen bottle opened, a and 
B are then opened, and the regula- 
tion of the gases made entirely Ijy means of the cocks upon 
the jet. The liydrogeu cock is first opened and the gas 
ignited, and the size of llame regulated. (This flame is ether 
vapour with a little oxygen.) The oxygen tap is then gently 
turned until the required light is oblaiiied. The regulation of 
the light must be done entirely l)y means of the taps upon the 
jet, and not those upon the tank, the real object of those being 
only to close the tank when not in use. At first sight it mighj 
appear a little dangerous to produce a mixture of ether vapour 
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and oxygen in a closed vessel and convey it through a pipe to a 
flame, and there is no doubt that in the hands of a careless 
manipulator this a^pparatus might become dangerous; so long, 
ho\veverj as there is a good supply of ether in the tank (and the 
quantity it will hold will last many hours) there is no fear of 
the mixture exploding, and even should the tank run dry, the^ 
diminishing light gives ample warning of the fact long before 
the explosive mixture stage is reached, and then the light should 
be at once extinguished by closing both the cocks upon the jet. 
The light should never be extinguished by closing the valve, of 
the oxygen bottle. 

It is a good plan to place the oxygen bottle and lilie 6®ier 
tank at a little distance from the lamp, to avoid all risk of falling 
into the mistake of touching any of the taps upon them, in the 
hurry of experimenting, and in the darkness. 

For experiments extending over only a short tithe, ^when the 
light is not required for more than about fifteen minutes con- 
secutively, an ether tank maybe extemporised out of an ordinary 
two-necked Woulfs bottle, filled with tow, upon' which sufficient 
ether is poured to thoroughly soak it. Tire bottle is fitted 
with two corks, one carrying a T tube, tlie long limb of which 
passes nearly to the bottom of the bottle, the other cork cai’ry- 
ing a short exit tube. For complete safety the bottle may be 
either wrapped in a cloth, or put in a wooden box. 

(b) The electric light. Although incandescent lamps have 
been designed for use in a lantern, the arc lamp is practically 
the only form of electric light that is available, Wheri the 
current employed is obtained from a galvanic battery, the best 
form of lamp is the ‘Foucault^ lamp, in which the carbons are 
‘fed’ by clockwork, and the arc maintained central l)y a doulfle 
train of wheels (fig. 221). 

When a dynamo current is to be used, the most convenient 
lamp is the newest form of the ‘ Brockie-Pell/ which has been 
designed especially for lantern work, and has been made small 
^d compact in order to avoid the use of the enormous lanterns 
usually necessary to contain electric lamps. The carbons in 
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fcliis lamp are ‘raked’ in order to throw the light out hori- 
zontally, and the upper carbon also admits of adjustment so that 
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it can be fixed more or less beliind the lower one (fig. 222). If 
run otf accnmuloiors this lamp burns absolutely lioiselessly, but 
with ti cm rent (Jirect from a clyiiauio it is liable to a slight hissing 
sound. This may be obviated by arranging a ^ shunt’ for the 
current, consisting of a number of cells made of strips of lead 
immersed in dilute sulphuric acid. The cells are preferably of 
glass, and about a pint capacity ; the sheet lead 223 

should be bent as indicated in the figure. The 
number of cells used should be such that Avhen the 
lamp is not burning there will only be a slight 
decomposition visible in tlie cells. A switch may 
be arranged to cut the cur rent ofi' the cells when 
not required. These cells wlieu once set up require no ’further 
attention. 

As most experiments only occupy a few minutes, a simple 
hand-lamp, in which the upper carbon is movable by a rack and 
pinion, may be used in the absence of a more elaborate instru- 
ment ; in any case it is well to stand the lamp upon a small 
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adjustable block, so that it may be raised or lowered at will 
(fig. 222). A range of about three centimetres is all the 
movement that is Required. 

11. The lantern. — As a rule, lanterns, especially for electric 
lamps, are made unnecessarily large. Where a portable lantern, 
chiefly for projecting slides, is required, none are better than 
those made on the model of the ^ scyopticon.’ These made-up 
instruments, however, are not well adapted for general lecture 
purposes where various experiments are to be shown on the 
screen ; for this end it is better that the lantern should be quite 
a separate and isolated piece of apparatus. It should be as small 
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as will conveniently surround the light ; of such a height as to 
allow of plenty of room for fairly tall apparatus to be placed in. 
front of it, and so made that stands and other objects can be 
brought close up to it. One of the most convenient models is 
the familiar ‘Duboscq* lantern (fig. 224). It is not only 
suitable for the clockwork lamp for which it was designed, 
can be used for the Brockie-Pell lamp above mentioned, 
and also for the limelight. 
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There are very few occasions, however, when an elaborate 
lantern is really indispensable, and for most purposes a sufficient 
screen for the lamp may easily be constructed of thin sheet iron. 
For the limelight this need only be a small hood attached to the 
burnef, and projecting seven to ten centimetres in front of the 
lime. Fig. 225 shows such an arrangement • it is only tieces- 
sa;y with such a lantern that the first lens should be provided 
with a screen, or flange, made of blackened cardboard, and of 
such a diameter that it intercepts all the light which escapes 
from the open front of the little hood. 

• III. The lenses. — For ordinary purposes of projection, when 
images of glass cells, tubes, and similar objects, as well as 
photographs and slides, have to be projected upon the screen, a 
converging beam should be used. For this purpose the follow- 
ing combination of lenses will be found to give good results : — 

A. A Rouble convex lens, 10 centimetres (four inches) 
diameter, and having a focal length of about 84 centimetres. 
(Such a lens as an ordinary reading glass.) 

B. A plano-convex lens. 10 centimetres diameter and 
about 18 centimetres focal length. 

0. A compound objective. 5 centimetres diameter and . 
about 18 centimetres focal length. (An opera-glass objective 
makes an excellent lens for this purpose.) 

Fig. 220 shows the arrangement of these lenses. The dis- 
tance between the point of light h and the lens A with such a com- 
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binatioii will be about 1 2 centimetres, between A and n aboiit 
7 centimetres, and between B and o about 23 centimetres, thus 
allowing ample room for moderately bulky pieces of apparatus. 
Each of these lenses should be supported on its own independ^it 
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stand; and the stands of A and B should be so made as to allow 
of the lenses being brought near to one another ; each lens 
also should be 'surrounded with a flange or screen of black 
cardboai’d. 

Some objects, of which it is desired to project an image, such 
as an ordinary lantern-slide, can be mounted in an inverted 
position, in order that the image may appear normal on ’’the*' 
screen ; in many cases, however, this is impossible, so that if 
the image is to appear the right way up it is necessary to 
employ a reversing prism. This consists of an equilateral right- 
angled glass j)rism (which need nob measure more than 7 centi- 
metres along the hypotenuse), supported immediately he^on^ha 
focussing lens 0, fig. 226. This prism should be stood upon a 
small levelling block, and placed so that it receives the entire 
ray of light. Besides its use in re-inverting the image, it will 
be found of the greatest advantage for other reason’s ; it enables 
the experimenter to raise or lower the illuminated disc*)3y means 
of the levelling block, without tilting or in any way disarranging 
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lantern or any of the apparatus. All the apparatus can be 
placed at a level which is found' most convenient for manipu- 
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latiiig, and the image thrown up to any desired height by 
adjusting the angle of the prism. In the same way the image 
of any object, which from its nature it is difficult or impossible 
to support quite vertically, may be made to appear vertical upon 
the screen by a slight adjustment of the prism. .Kg. 227 shows 
the general arrangement of the apparatus, the flange having 
been removed from lens a. 

In the absence of a prism an image may be re-inverted upon 
the screen by means of two mirrors. The first is placed at an 
angle of 40° to the beam, so as to reflect it vertically upwards. 
The beam is then received upon the second mirror and thrown 
i^t hack over the lantern, which in this arrangement must be 
placed wtth its back towards the screen. If the lantern is only 
turned half-way rouud/so that the second mirror diverts the 
beam in a direction at right angles to that which it has when 
reaching tlie first mirror, then the image will only be half 
inverted — that is to say, the image of a vertical object will 
appear horizontal, and vire versa. If common looking-glass is 
used in this arrangement the image loses somewhat in sharpness 
by reflection from both surfaces ; this is not the case, however, 
if the mirrors^are made by depositing silver upon glass, ^ and 
using the exposed and polished metal surface as the reflector, 

1 The best metliorl for silvering f^lass is Mic following.’— 

Solution A.— Dissolve 1)0 ranis sugar-canrly in water \ add 
1 c.o. nitiic acid (sp. {^r. 

17fi c.c, aleohol. 

Make up to 1 litre with water. Tim solution nM liGCjj. 

Solutions , — Dissolve 1*8 grams silver nitrate in 180 c.o. water; add am- 
monia drop by drop until the XA'ecipitate redissolves ; add 0*0 grams 

caustic potash dissolved in a few o.o, of water, and again nearly redisaolve the 
precipitate by a few drojis of ammonia. This solution must he viado u]} as 
req^drod. 

For use, 10 c c. Solution A, are mixed with 180 c.c. Solution B, 

The glass to be silvered, after being thoroughly cleaned, is immersed for 
a moment or two in a solution of stannous chloride and then rinsed with 
water. It is then placed in i-ho bath or dish containing the silvering mixture, 
and in about ten minutes the silvering is complete. The mirror is then rinsed 
with water and lightly rubbed over with a soft rag. By this process the Bil>^r 
is deposited very hard and bright. 

Convenient dishes or trays in which to conduct the silvering operation are 
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Objects whicb are too bulky, or whicb for auy otber^ reason 
cannot conveniently be shown by means of this combination, 
maybe placed in* a wide parallel beam obtained by drawing 
lens B nearer to the light, and focussing the image upon the 
screen by means of lens A. The arrangement is seen in 
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When it is required to project an image of objects in hori- 
zontal position, such as flat cells containing liquids, wSich 
must be retained in this position, the 
lenses A, B, 0 and tlie prism may be 
arranged in the position shown in fig, 
229. The light, after passing through 
lens A, is received upon a piece of 
ordinary mirror supported at an angle 
of 45°, and so reflected upwards through 
lens B. After passing lens 0 the beam 
is again reflected at rigjit angles by the 
prism. 

Fig. 230 represents a convenient form in which the hori- 
zontal projector is made. The mirror is contained within the 
metal cylinder oj. It is furnished with lenses correspond- 
ing to B and c in the foregoing arrangements, and with a 
prism p. This latter is capable of three movements. It can be 
raised and lowered for focussing purposes by the rack and 



made in the following way. A quantity of white paraffin was is melted in 
any convenient vessel, and is brushed over a sheet of cartridge paper with a 
broad flf^t brush. When cold, a piece of this waxed paper is folded up into a 
shallow tray just a little larger than the glass to ho silvered. The corners are 
folded over TGitliout being cut, and stuck down by gently warming the wax 
with a hot knife, or by the momentary application of a lighted taper. Scarcely 
any deposition of silver takes place upon such a tray, the whole of it going to 
glass to be silvered, whereas in a glass or porcelain dish the silver deposits 
itself upon the vessel as well as the object. 
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phuon R 5 it can be tilted up by means of the screw s, in order 
to place tlie luminous disc at any convenient Mglit upon tie 
screen, and it can be turned upon its axis so tliat 
the injage may be thrown upon a screen placed 
at any angle to it. The apparatus is used in 
conjunction with lens A, as shown in the diagraih 
"(fig. 229). 

A short-fooua condenser (about 6 centimetres 
focal length) will be found a useful lens for giving 
a narrow powerful beam of nearly parallel rays. 

If a higher degree of magnification be re- 
'^p»ed^than is given by lens 0 in the above 
arrangements, it may be obtained by the use of 
an objective of shorter- focus, such as an opera- 
glass objective of about 10 centimetres focal 
length. " 

The lantern microscope is an independent piece 
of apparatus, which must be either adapted to fit the lanteru 
or firmly mounted upon its own stand, for as the whole light 
has to converge, upon such a small surface as the face of the 
objective, it is absolutely necessary that there should be no 
possibility for any shifting of the parts. The microscope is used 
with a converging beam from lenses a and b, or from a short 
focus condenser. 

For most experiments, however, where a lantern microscope 
is required (such as hToa. 77 and 112) the following simple 
arrangement may be substituted. By means of a short-focus 
condenser the beam is made to converge to a small spot of light 
upon the object, and an image projected by means of an eye- 
piece taken from an ordinary microscope. The eye-piQce is 
supported upon a small wooden V-block, the beam being sent 
through it in the same direction as one looks through when 
using it on the microscope. A flange of blackened cardboard 
is placed on the end of the eye-piece in order to intercept any 
scattered light. This arrangement is very suitable for showing 
the process of crystallisation upon the screen (see Experiment 
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112) or for microscope slides not requiring very Mgli magnifica- 
tion, sucli as crystals of varions salts. For example, tte different 
crystalline cliaracter of similarly constituted salts, as potassium 
and soditim nitrates, may readily be sliown by allowing a drop 
of solutions of these compounds to slowly evaporate upon a 
microscope slide. The crystals so obtained may be covered, in 
order to preserve the slide, by surrounding them with a small 
flat india-rubber ring, which is made to adhere to the glass by 
means of a touch of gum or balsam, and then placing upon this 
a microscope cover-glass. 
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TABLE L 

TabU slioiving tJio oonoentTaUon of oxygen hj re]7eated 
^ solutim of ckir vn 

Coniposkion of air — 

Oxygen. . , , . , 20'9G 

Nitrogen 79-04 

j - 100^ 

Comp^ition of air dissolved by water— * 

Oxygen 34-91 

Nitrogen 65:09 

100*00 

CompoBltion of air after second solution in water— 

Oxygen 47*6 

Nitrogen . 52-5 

100-0 

Composition of air after third solution— 

Oxygen . . . ♦ . . ,76 

Nitrogen ^ 

100 


TABLE n. 

Table ehming the diforonoe between the solubility im watcv of gnm oxygtn^ and 
of oxygen mixed with nitroge^ii as in the aimosg^Tiere, 

1 litre of water dissolves 

AX l*^*om pure oxygoa E’rom ah 

0°O. . . * » . 48-9 c.o. ' 10*2 c.o. 

16 ^ 0 . * , ,/ . , 34 - 10 . 0 . 7 * 10 . 0 . 

26^0. . . . , • 28*4 c.o. 6*8 0 , 0 . 
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TABLE III. 

TaMe shmving tfte oliange of volmie of water on VeiTig heated 
from to 8 ® < 7 . 


I’OOOOOO volume of water at 

0®0. 

becomes 

0-999916 

»> 

It 

+ 2^0, 

)i 

0-999870 

»» 


4'‘0. 


0*999900 


11 

6°0. 


1-000000 

It 

II 

S°0. 

II 


TABLE rv/ 

Solubility of vanom salU inromter* 


Balt 


Weight In grams dissolved byflOO grams of 
watGi’ at — - 


o°a 

2o°a 


35*7 

36'0 

39-7 

29 2 

86-0 ' 

67-0 

28*4 

37-3 

73-0 

— 

42'3 *■ 

72 0 

63-4 

64-6 

102-0 

126'0 

143-0 

200-0 

3'S3 

7*2 

59-B 

13-3 

31*7 

246-0 

66-7 

84-9 

168-0 

02 

0-26 

0-6 

0-206 

0-241 

0217 


86-32 

73-67 

31-61 

42-81 ' 

203-32 

116-22 

161-50 1 

668-6 

8-36 

10-6 1 

26-0 

8-3 

16-4 

867-6 

2-83 

7-88 

about 200-0 

6-0 

lS-0 

102-0 

4‘5 

20-0 

43-0 


68-86 

212-47 


Sodium chloride 
Potassium chloride 
Ammonium chloride 
Barium chloride 
Potassium bromide 
Potassium iodide 
Potassium chlorate 
Potassium nitrate 
Sodium nitrate 
Calcium sulphate, 2 aq. 
Calcium sulphate (Anhyd.) 
Magnesium sulphate (Oryst,) 
Copper sulphate (Oryst.) 

Zinc sulphate (Gryet.) 
Potassium sulphate . 

Potash alum (Oryst.) 
Borax(Oryst.) 

Potassium bichromate 
Sodium sulphate (Anhyd.) 
Sodium sulphate (Oryst.) 



0“O. 

20'»C. 



50°O. 


Sojdium sulphate (Oryst.) , , 

12-lG 

68-36 

U2-22 

366-0 

824-9 

212-47 
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TABLE V. 


B oiling 'pdnU of mturated solutions of mHovs'' salts in n>aiGi\ 



°0. 

Grams of salt to 
100 grams of water 

Sodium carbonate , , , . 

. 104*6 

48’B 

Sodium chloride .... 

. 108*4 

’ 41-2 

Potassium nitrate , . , , 

. 116*9 

836a 

Sodium nitrate .... 

. 121*0 

224'8 

Potassium carbonate . , , 

, 188*0 

205’0 

Calcium chloride . , . , 

. 179*6 

3260 


TABLE VI, 
Tensicrli of agneons 




Tamporature, 
degrees Oontl- 
giada 

Tension in niJlIimetres of 
merenry 

Tomporature, degrees 
Oenfcigrade 

Tension in 
atmosphci'es 

0 /- 


0 

At. 


0*927 


1 

-10 

2*093 

111*7 

1*6 

0 

A600 

120*6 

2 

+ 6 

6*634 

127*8 

2*6 

10 

9*166 

133*9 

8 

16 

, 12*699 


4 

20 

17*891 

169*2 

6 

30 

^ 81*648 

170*8 

8 

40 

64*906 

180*3 

10 

60 

91*982 

188*4 

12 


148*791 

196*6 

14 

70 

233 093 

201*9 

16 

80 

354*280 

207*7 

18 

90 

626*460 


20 

100 

760*000 

HIBHi 



TABLE VH. 

Solulility cf gasos in ivater. 

1 yol. of water at 0°0. and under a pressure of 760 mm. will dissolve of — 

Vols. meaanred at • 

' 0"0. and 760 mm, 


Ammonia 1148*00 

HydrooMorio aold 603*00 

Sulphur dioxide 79*789 

Sulphuretted hydrogen * , . . 4*78 ' 

Onrbon dioxide . ^ , 1*7967 
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Yols. measured at 
0°0. aud 760 mm, 


Nitrons oxide 

. , . . 1'3052 

Ethylen^ , , , . 

, , , . 0*2662^ 

Marsh gas , , . 

, . . . 0-06149 

Oxygen 

. . , . 0-04114 

Carbon monoxide 

, . . . 0-03287 

Ail- ' . 

» . . . 0'02471 

Nitrogen . 

. . . . 0’02034G 

Hydrogen , 

. 0*0193 

Chlorine,^ coefficient of absorption at 10°O.«» 3*0361. 


TABLE Vm. 

SoluMlit^j ofhjdrooJiloHo acid in water^at various t&inperatures^ 
I o.c. of water at 760 mm. dissolves 


” 0,0. at 0^0. 

At Grams HOI and 700 mm. 


0®0. 



. 0-826 , 

, 


, 603 

4® , 



. 0*804 . 

, 


. 491» 

8 . 



. 0-783 . 

• 


. 479 

12 , 



. 0*762 . 

a 


. 466 

16 



. 0-742 . 



. 463 

20 . 



. 0*721 , 



. 440 

30 , 



. 0*673 . 



♦ 411 

40 . 



. 0-633 . 



, 387 

60 . 


, 

, 0-696 . 



. *364 


TABLE IX. 

SoluHlity of ammonia in water at various tenqyemtures. 

1 0 . 0 . of water at 760 mm, dissolves 

0 . 0 . at o®o. 

At Grams !NHa and 760 mui. 


0^0. 


. 0-876 . 



. 1148 

4 . 


. 0*792 , 



. 1040 

8 . 


. 0-713 . 



. 923 

12 . 


. 0*646 . 



. 846 

16 . 


, 0*682 . 



. 764 

20 . 


. • 0-626 . 



. 690 

30 . 


. 0-403 , 



. 629 

40 , 


: 0*307 . 



. 403 

60 . 


. 0*229 . 

. 


. 306 


» Below lO^Q, ohlorlne forms a solid l^drate witli water 
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TABLE X. 


Salu^ilitij of mVphur dioxide in imter at varmis feni2)emtnro». 


L 0 . 0 . water at 760 mm. dissolves 
At 0°0. 

0 . , , 

^ . 

8 , . . 

12 . . . 

16 . . , 

20 . . . 

1^0 » 4 » 

40 , , , 


o.c. at 0®a 
and 760 mm* 

79*780 

69'S20 

GO'806 

62'733 

46-678 

39'3T4 

27'161 

18-766 


TABLE XT. 

SoluVtlUij of oa/i'hon dioieide and nitrotis omde in water at various 
toTTiperatwea. 

1 0.0. water at 760 mm. dissolves 

0 . 0 . OOa at 0®O. 0 . 0 . Nf) at 0®O. 

At 0°O. and 760 mm, and 760 mm. 


0 

. 1*7967 , 

. 1-3062 

6 

. 1*4497 . 

. 1-0964 

10 

1*1847 . 

0-9196 

16 . 

. 1*0020 . 

. 0-7778 

20 

. 0*9014 . 

. 0-6700 

26^ . 

. — 

. 0-6962 


TABLE Xn. 

Glauifioation of wat&i^s in order of softness. 


1. Bain water. 

2. Upland surface water. 

8. Surfaoe water from cultivated land* 
4. Polluted river water. 

6. Deep well water. 

6. Shallow well water. 


TABLE Xm. 


Soap doBtroyed hj 100,000 lU. qfva'i^is waterB. 

IbB. 

Thames water . 212 

Biver Lea 204 

Kent Oo.'e water • « * • * 266 
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lbs. 

South Essex Oo/s water 268 

Water supply of Leicester , . • .161 

„ ’ „ „ Prestou 80 

„ „ „ Manchester . ... 82 

„ „ „ Glasgow (L, Katrine) . • 4 

BalatLake ....... 6 

Tharlmere • • . • . t • 8 


TABLE XrV. 


Weight and cost of different materiah reguirod to soften the same gudntiUj^ 
of nyatev* * ^ 


& i. d, » 

1 cwt. quicklime . . . r 

.008 

4f cwts. sodium carbonate . • 

. 2 17 9 

20^ owts. soap . X . • ■ 

. 47 1 8 

• 


TABLE XV. 

Composition of sea Toater \ 

• 

(Irish Sea). 


Water ... . . 

. 

966-14064 

Saline matter consisting of : — 

Sodium chloride 

26*43918 

* 

Potassium chloride , 

0*74619 


Magnesium bromide 

. 0-07062 


Magnesium chloride . 

3*16088 


Magnesium sulphate . 

2-06608 


Magnesium carbonate 

traces 


Calcium sulphate 

1-33168 


Calcium carbonate • • . 

0*04764 


Lithium chloride . • 

traces 


Ammonium chloride . . 

0*00044 


Magnesium nitrate . • 

0*00207 


Silicon, dioxide . • ■ . 

traces 


Ferrous carbonate . , , 

0*00603 




38*86946 

lOOO'OOOOO 
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TABLE XVI. 

Analysis of tyxnoal good md lad natwal ivaters. 


1 

n 

No. 1. Good water 

No. 2. Bad water 

Parts per 
minion 

Grains per 
gallon 

Parts per 
million 

Grains per 
gallon 

Total solids 

63*0 

4-4 

■530'0 

37'1 

Nitrogen as nitrates and nitrites 

0'26 

O'Oir 

7-8 

0-646 

BTfee ammonia 

0’03 

0 002 

4-32 

0 803 

Albuminoid ammonia 

0 07 

0-006 

0-9 

0'063 

Chlorine 

11‘4: 

0-8 

69-0 

4*8 

Temporary hardness . , , i 

— 

0-1 

— 

7’2 

Permanent hardness .... 

— 

2-4 

— 

14-4 

,Total hardness ..... 

— 

2-6 

— 

21-6 


^ ARABLE XVII. 

Co7rijfositio7i of loiler inoru stations. — {MaoadaQjt). 

I, 0AEB0NATJ3 CLASS. 




District from whioh the samples wore 
obtained 

Dunbar 

SelJdrli: 

Slough 

Edin- 

burgh 

Cfarllslo 

Ferric decide (Fe^jOg) , \ 

Aluminio oxide (Alj^Og) . / 

7-46 

2-96 

2-36 

2-48 

2*96 

Calcium carbonate (CaCOg) 

32-16 

74-26 

60-04 

69-96 

76-92 

Caloium sulphate (OaSO^) 

6-64 

3-08 

29'76 

20-80 

3'16 

Magnesium carbonate (MgCOg) 

20-04 

8-76 

10-84 

7-24 

10-16 

Sodium salts • ♦ 

3-81 

1-16 

0-86 

0*86 

0-81 

Silica (SiOg) . 

16-94 

8*66 

4-28 

3-76 

1-91 

Organic matter^ 

7-70 1 

3-02 

0-4S 

0-12 1 

0-22 

Moisture ..... 

6-78 1 

3-10 

1-22 

1-22 

1-6S 

Total « 

110-03 

1 

99-88 

99'S4 

99-43 

99*73 


TABLE XVIII. 


II, SuLPHATj] Class. 


Distriot 

Preston Pans 

Gionton 

Slough 

Bmeatou 

Oarllale 

Ferric oxide . . 1 ' 

Aluminio oxide . / 

Calcium carbonate . 
Caloium sulphate . 

Magnesium carbonate . 
Sodium salts . 

Silica .... 
Organic matter 

Moisture . . » 

4-64 

1-22 

78-S2 

10-36 

0-64 

3*22 

0-66 

0-72 

8-66 

26*66 

38-16 

23*16 

1-76 

6-42 

0-12 

1-04 

6-04 

26-62 

66-92 

6-66 

0-22 

6-26 

0-36 

134 

1*68 

9-72 
66*28 . 
18*40 
0*66 ‘ 
9-46 
2-64 
1-67 

4*06 

,P31 

60-36 

6*60 

0-21 

36*22 

0 68 
1*88 

Total 

99-68 

99-77 

99-32 


llOO’a^ . 
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TABLE XIX. 


TMe of the s;peoifio heat of the elements in the solid state. 


Element 

♦ 


Atomic 

weight 

Speoiflo heat 

• 

Atomic heat 

Weights con- 
talnmg equal 
quantities of 
heat 

Lithium 

* 



7 

0*94 

6*6 

7 

Boron . * 




11 

0*6 

6*6 

]3-2 < 

Carbon 




12 

0*46 

6*6 

14-3 

Sodium 




23 

0*29 

6*7 

22-7 

Magnesium . 




24:'4 

0'26 

6-1 

26*3 

Aluminium . 




27 

0*21 

6*7 

31*3 

Silicon . 




28*2 

0*20 

6*0 

32-9 

Phosphorus . 




81 

0*17 

6*3 

88'7- 

Sulphur 




32 

0*16 

6*1 

41-1- 

Potassium . 




39 

# 0*17 

6*6 

8i-7««^ 

Calcium 




40 

0*17 

6*8 

• 38-7 

Manganese . 




66 

0*12 

6*6 H 

64-8 

Iron » , 




66 

0^1 

6-2 

697 

Nickel , , 




68-G 

0*11 

6-4 

'69*7 

Copper , 




63'2 

0*094 

6*9 

70-0 

Zino 




06-3 

0*094 

G-1 , 

70-0 

Arsenic 




76 

0*081 

' 6-1 

# 81*2 

Silver . 




1077 

0 066 

0*0 

118 

Tin . 




118 

0*056 

6*6 

118 

Antimony , 




120 

0*061 

' 6*1 

129 

Iodine . 




' 127 

0*064 

6*9 

122 

Platinum 




194-4 

0*033 

* 6*4 

199 

Cold 




196 

0*032 

C-3 

206 

MerouiV 




200 

0*032 

6*4 

206 

‘Lead . 




206*6 

0*03] 

^6*4 

, 212 

Bismuth 




208*2 

0-031 

6*4 

212 


TABLE XX. 


Diffusion of gases, (Giaham, 1881.) 


Gas 

Density 

(alr=l) 

SquaiG root 
or density 

1 

Actual 
velocity of 
diffusion by 
experiment 

^Density 

Hydi'ogcn , 



0*06926 

WiilM 

3-7794 

3*83 

Ma>sh gas . 



0*669 


1-3376 

1*344 

Steam., 



0*6236 

0*7896 

1-2664 


OarboQ monoxide 



0*9678 


1*0166 

3*1149 

Nitrogen 



0*9713 


]*0147 

1-0143 

Ethylene 



0*978 


1*0112 

1*0191 

Nitric oxide 


• 

1-039 

1*1096 

0*9808 


-Oxygen 



1-1066 

1-0616 

0*9610 


1 Sulphuretted hydrogen 


1*1912 

1*0914 

0*0162 

0*96 

/vitrous Oxide 

,, 


1*627 

1-2357 

0*8092 

0 82 

Carbon dioxide . 


« 

1*62901 

1-2366 

0*8087 

0*812 

Sulphur dioxide , 

• 

* 

2*247 

1-4991 ' 

0-6671 

0-68 
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TABLE XXL 
Composition of air> 

Volumes per 1,000 


Nitrogen (containing about 1 per cent, of argon) . 7 79 ’0600 

Oxygen 7 206*6940 

Aqueous vapour 14*0000 

Carbon dioxide 0'3360 

Ammonia 0*0080 

Ozone 0‘0016 

Nitric acid 0*0006 


1000*0000 


TABLE XXTI 


Composition of nir from vnHcus loonlitios in 100 hy wl\yoio» 


St. Baitliolomew’s Hospital . 

Palis 

'-T* 

Lyons . ^ . 

Toulon ...... 

Berlin ...... 

Geneva 

Montanvert 

Summit of Picliincba, 16,000 feet 

North American prairie 
South America , . . . 

Liverpool to Ycra Cruz 
18,000 feet above London . 
■Manohester , # < ♦ 


OiygQU. 

Nitrogen. 

irts by volume 

Parts by volume 

f 20*885 

79'116 

*120*999 

79*001 

r20*918 

79*087 

* l20 999 

79*001 

r20*918 

79*082 

‘ 120*966 

79*034 

r20*912 

79*088 

’ 120*982 

79*018 

/20*908 

79*092 

* 120*998 

79*002 

f 20*909 

79*091 

* 120*993 

79*007 

. 20*963 

79*037 

f 20*949 

79*061 

‘120*988 

79*012 

. 20*910 

79*090- 

20*960 

79*040' 

r20*918 

79*082' 

*120*966 

79*086 

, 20*885 

70*115 

/20*876 

79*124 

* 120*888 

79*112 



